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Summary 


For an optimum design of the man-machine interface with 
aircraft, a description of the interaction and work organization 
of the cockpit crew is needed in addition to an analytical descrip 
tion of the operations of the pilots. 

The work organization for pilots in civil transport aircraft 
is specified in crew-concepts which are generally developed 
empirically and checked. 

The goal of the project is to develop a system- theoretical 
procedure to permit an evaluation of the work organization of 
pilots while structuring the work process. 

The requirements of work organization are worked out which 
result from the influences on the cooperation of small work groups 
The fundamental structures of present crew concepts are then com- 
pared to these requirements. 

Besides the preparation of basic procedures to develop a 
method of evaluation, existing descriptive forms for illustrating 
action sequences and decision-making processes are checked for 
their applicability to the evaluation process. From this, a rule 
is developed for describing the work sequence in the cockpit. 

To simulate sequences of pilot actions on the computer, 
statistical data is needed which can be obtained from tests on 
the flight simulator. Investigations of computer simulation and 
a discussion of their applicability for evaluating crew concepts 
is also provided. 
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1. Introduction /l* 

In addition to the work division between man and machine, the 
workspace and work process structure are important considerations 
in the design of a man-machine system. If several operators are 
included in the work process, then organizational guidelines are 
usually specified to support a smooth, safe and effective flow of 
work. For instance, in the area of civil aviation, the tasks of 
a cockpit crew are specified by so-called crew concepts. They 
contain the allocations of tasks and responsibilities and guide- 
lines for communication within the crew and specifications for 
individual action-sequences (procedures) . 

With the design of new aircraft cockpits and the incorpora- 
tion of new cockpit systems, the work division between pilot and 
aircraft is generally changed, so that a change in the work pro- 
cesses and thus in the crew concepts become necessary. 

The coming aircraft generation will be distinguished by 
far-reaching changes and expansions of cockpit systems /13, 37, 48/. 

The increasing requirements of economy, flight-control accuracy 
and aircraft safety will be met in the cockpit area through digital- 
ization .of systems, increased use of on-board computers and a 
reduction in the cockpit crew /2 , 4, 5, 12, 28, 43, 49/. In this 
case, new technologies will come into use, especially in the area 
of display-control elements /37, 39, 48/. The technical and 
operational changes will affect and activity or task-range of 
the pilots . 

Besides their new role as system manager, the pilots will 
be assigned additional tasks if the crew size is reduced. 

Thus the division of tasks and responsibilities within the 
crew will have to be re-designed. 

Thus, a method of evaluation is needed which will permit a 
check during the aircraft development stage, of the proposed cock- 
pit design and of desired procedures to determine the capabilities 
and safety of the selected work organization. 


*Numbers in the margin refer to pagination in the foreign text. 
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The work organization of Fhe cockpit crew of civil transport /2 
aircraft has been developed empirically. Checking of the capabil- 
ities and safety of the concepts was performed under the assump- 
tion of normative pilot behavior. Investigations of aircraft 
accidents have shown however, the concepts defined in this manner 
can still lead to strings of incorrect actions and to an overload 
of the pilot /25, 26, 47/. 

The method of evaluation under development should check the 
work organization of cockpit crews of civil transport aircraft 
with regard to their capabilities and safety. In particular, 
time task-pileup and conflict situations should be recognized 
and the work load of the individual crew members should be deter- 
mined. Furthermore, the safety limits of the crew concepts 
should be determined for non-normative pilot behavior. 

The procedure for developing an evaluation method is presented 
in fig. 1. The method will first be evolved for a representative 
example and finally it will be applied in a larger framework for 
its applicability to existing crew concepts and validated. Selec- 
tion of a crew concept and of a flight task for the example, 
is followed by a task analysis of the pilot actions to be performed 
in the example. 

Development of the evaluation method is organized into two 
phases. First, the selection and testing of decision-making forms 
in order to present crew actions on the computer for the selected 
example. After its completion, the descriptive forms shall be 
used as a working means for the evaluation process in order allow 
a check of the action-sequences and events in the cockpit based 
on a Monte-Carlo simulation. 

The descriptive forms shall be used to simulate action sequences 
and decision-making processes. Reference will be made to existing 
theorems for illustration of such activities, from which the 
theorems used for the evaluation method will be selected or worked 
out. 

In order to check the capability and reliability of the /3 

selected theorems, a simulation of crew activities is performed 
on the computer. Statistical data on the reaction and manipula- 
tions times for the individual pilot tasks will be needed for 
this. This statistical data can be obtained from measurements 
on a flight simulator. 

The tests on the flight simulator pertain to the flight task 
and crew concept selected for the example . They also serve for 
determination of the statistical data for a determination of the 
work sequences in the cockpit, which are to be compared with the 
computer-simulated work sequence. 

Results are expected from this comparison which will lead 
to a modification and improvement of the selected descriptive forms. 



In the second phase of the proposal, an evaluation method 
will be developed from the existing, descriptive theorem. This 
includes first the development of evaluation criteria, the poten- 
tial conflict situations, overloads on individual crew members 
and recognition of danger situations. The descriptive forms 
to simulate the action sequences are predicated upon quantitative 
specification of evaluation criteria. 

The computer simulation prepared in the first phase of the 
outline initially provides only for a description of activities 
inside the cockpit. But to view the entire process, the mutual 
interactions of crew members and of the flight control process 
must be taken into account. In order to be able in principle to 
account for all possible events during the flight for an evaluation 
of the work organization, a corresponding, extensive t°st program 
mu c t b<=> provided for the computer simulation. 

Information is expected on the applicability of the method as 
an aid in the design of crew concepts and in the evaluation of 
the effects of non-normative pilot behavior on the work process. 

2. 'Specification of Cooperation of Cockpit Crews Through Crew 

Concepts 

An efficient and reliable execution of flight tasks is predi- 
cated on an effective work performance of the cockpit crew. The 
cooperation and capability of the crew is determined by the systems 
available in the cockpit, the level of automation, legal and opera- 
tional specifications. In addition, the individual capability 
of pilots and the work organization in the cockpit will affect the 
work performance of the entire flight team (see fig. 2.D/25, 38/. 

By changing these parameters, an increase in the work per- 
formance and an increase in the safety of the entire system can 
be achieved. 

Therefore an attempt was made to draw conclusions from 
accident investigations which would lead to actions for improv- 
ing the capability and reliability of the crew. Furthermore, 
the potentials to improve cooperation with pilots were discussed 
/20, 26, 40/. It was found that possible solutions, like train- 
ing, standardization, regulation and development of procedures do 
contribute to safe work and performance of the individual pilots, 
but have little effect on cooperation of pilots and on effective- 
ness of crew actions /25/. The individual work performance of 
the individual crew member contributes only to a slight extent to 
the performance of the entire team /22/. Therefore, a change 
in the task structure of the pilots and the development of precise, 
standardized crew-responsibility criteria is proposed /25/. 

This led to the development of work organizations for the 
crew which are summarized into so-called crew concepts. Aspects 
to be taken into account in the development and revision of such 
concepts are presented below. Next, an overview of the basic 
structures of existing crew concepts is presented. 



From this, the considerations needed to evaluate crew concepts 
are worked out and the requirements of an evaluative method are 
specified. 

2.1 Influences on Cooperation Among Pilots 

A smooth cooperation of the pilots is a fundamental prere- 
quisite for the safe completion of the mission, especially in 
operating phases having a high task-density. The increasing 
transport density, complicated flight safety regulations and 
noise-reducing approach and departure methods place high demands 
on the flight accuracy of the aircraft and thus on the capability 
of the cockpit crew. With the introduction of new navigation 
aids, like e.g. the MLS, curved and variable approach paths will 
further increase demands on the pilots. 

The number of tasks to be performed by the pilots requires 
a precise coordination of their activities. This coordination 
must take place within the crew and between ground requirements 
and environmental events to harmonize with the work process in 
the cockpit. In order to assure the safety of the system, this 
coordination may not overwork the pilot, but must be clearly 
specified. 

In /25/ reasons for an ineffective crew performance are given 
which lead to near-misses or accidents. These are primarily 
problems affecting the role and relations of the pilots, problems 
due to changing tasks, division of execution and responsibility 
for actions and the indifference of crew members to regulations. 
Thus, in the work organization of the cockpit crew, the work 
division, allocation of responsibility and basic rules of communi- 
cation between pilots must be specified. The capability of the 
crew is greatly affected by this work organization. 

In the development of work organizations the influences on 
this pilot cooperation and on the crew capability must be taken 
into consideration first. 

A basis for a high-performance work of the pilot team is an 
optimum cooperation between man and machine. Ergonomic and 
anthropotechnical considerations, like cockpit architecture, design 
of display and control systems and level of automation, must be 
taken into account. 

In addition, operational and personal considerations, and 
the properties and relations of the particular tasks are per- 
tinent to pilot cooperation. 

In /22/ an overview is given of the important parameters 
affecting the cooperation of several men in a working team and 
the effectiveness of that team. 

A team or crew is defined as a well-organized and a well- 
structured working group subject to relatively formal action- 
sequences. This definition also applies to the cockpit crew of 
aircraft. Parameters affecting the work performance of the group 
are : 



-the number of crew members 
-the crew organization 
-cooperation and 
-composition of crew members. 

2.1.1 Number of Pilots 

The number of crew members affects the potential organization 
and cooperation. As the number increases, a coordination of 
actions is impeded /22 /. For smaller groups, like e.g. in the 
cockpit, the size of the crew is determined primarily by the 
properties and structure of the tasks to be performed. 

The cockpit design is also important here. Through local 
allocation of cockpit systems, allocation of tasks to crew 
members can already be specified and thus the work organization 
is affected. A relatively large number of crew members also 
causes a local separation in the cockpit. Thus, the pilots can 
get an overview of the entire available information. Further- 
more, the mutual monitoring of crew members is impeded and the 
redundance and safety of the system is reduced. For instance, 
in a 3-man crew of standard arrangement in the cockpit, a mutual 
monitoring of the pilots and monitoring of the pilots by the flight 
engineer will occur. But the pilot is not able to monitor the 
^ flight engineer /26/. 

If the crew size is reduced, the pilots will have to take 
on more tasks, but communication and monitoring problems will 
be simpler /16/. An excessive work load on the pilots must be 
counteracted by a higher level of automation of cockpit systems. 
This can be done e.g. by development of intelligent warning and 
control systems. With a reduction of the crew there will be 
less space available for installation of display and control 
elements, due to the action-space of the pilots and this will 
require a redesign of the cockpit and of its systems. The 
increase in the effectiveness of crew performance and economy 
of aircraft leads to the specification of the so-called Minimum 
Operating Crew. For example, in spite of the high development 
costs, efforts are underway aimed at a 2-man crew in future 
commercial aircraft in order to reduce direct operating costs /49/. 

The specification of the Minimum Operating Crew must be 
taken into account right in the aircraft proposal stage. It is 
directly related to the development of the work organization of 
the pilots since both are needed to check the safety of the 
overall system via activity analyses, time and motion studies and 
stress measurements. Through the establishment of the minimum, 
operating crew, the composition and placement of cockpit systems 
is also affected which can cause an 'a priori' specification of 
the crew work division. The number of crew members and the 
resulting spatial distribution in the cockpit directly affects 
the potentials for communication and monitoring guidelines to 
be specified in the work organization. 



2.1.2 Work Organization 


The organization of the crew members describes the relations 
between the tasks or activities to be performed, and the opera- 
tors /22/. Included herein is the specification of responsibil- 
ities of the individual crew members for individual tasks or 
activities and the responsibility for correct execution of said 
tasks. 

Knowledge of the organization of a working group permits a 
quantitative prediction of the work performance of the group, 
provided the particular tasks and task-relations are also known /22/ 

The work of the pilots and the performance of the crew is 
determined primarily by the specifications from the organization 
of the crew. An effective, safety-promoting work of the crew 
can only exist when the regulations of the work organization are 
followed, when they provide clear instructions for all situations 
and do not overload the pilots. 

A non-normative behavior of the crew can be attributed to 
excessive workloads on individual crew members, to the indiff- 
erence of the pilots to regulations and ambiguity in task alloca- 
tion. Such ambiguities appear especially when activities and 
responsibilities are assigned to different crew members, e.g. 

-for command responsibility of the pilot when the co-pilot is 
flying, or 

-for the responsibility of the flight engineer when the pilot 
deviates from prescribed procedures /25, 47/. 

In addition, a non-normative behavior of the pilots is 
expected when danger situations occur which cannot be countered 
by following acceptable procedures /18/. There can be two reasons 
for this relative to the crew organization. 

First, the work organization can have caused the emergency 
situation through ineffective monitoring guidelines and absence 
of redundance leading to several incorrect subtasks, and by not 
providing clear instructions for the emergency situation. 

Second, the work organization can prevent a timely solution 
to the problem before occurrance of the emergency situation through 
stringent regulations and a lack of flexibility. 

The flexibility of crew members in following the work organ- 
ization is viewed as very important for normal situations /22/. 

It allows non-normative sub-actions to be corrected quickly within 
the normal, normative procedures. 

In addition, a too stringent work organization in normal 
situations would increase the probability of pilots not following 
the regulations /22/. But in emergency situations a strict and 
very accurately defined work organization is needed since one 
generally cannot expect the pilot to get an overview of the precise 
extent of the error in the very little available time and to be 



able to select the correct reaction. 


2.1.3 Cooperation of Crew Members 

The cooperation of group members is the most important 
characteristic distinguishing a working group, crew or team from 
a group of individual operators /22/. This cooperation includes 
all interactions between crew members, mutual information, coordina- 
tion and joint or coordinated action. Whereas the coordination 
of actions is governed primarily by the work organization (see 
sec. 2.2), information and communication are the parameters under 
consideration here which affect the capability of the team. 

Often a working group is described as having particularly 
good cooperation based on their capability, and additional, 
not-precisely defined properties of the group members are in- 
cluded in this concept. The concept of cooperation should thus 
explain the phenomenon that certain working groups are more 
capable than other groups under the same communications guidelines 
and the same work division. The reasons for this could be called 
"motivation," "better understanding of group members for each 
other" or "better adaptivity of members to the group." 

But these cannot be clearly defined and are usually indiv- 
idually founded factors which subtract from a systematic and 
general regulation by specifications or training procedures. 

The systematic influencing of the capability of a crew by 
improving the cooperation is thus possible through the regulation 
of communication and information guidelines. 

This regulation is all the more needed, the more the tasks 
of the crew members depend on each other by content or time. 

The simultaneous, direct influence of the flight process by the 
pilots requires an extensive, mutual information. A sufficient 
safety can only be obtained when each pilot is informed not only 
about the entire system status, but also about the activities 
and intentions of the other crew members. 

For a secure transmission of usually verbal information in 
the cockpit, redundant communication guidelines are needed. Since 
the work division of the pilots and the division of responsibilities 
are variable in many cases and can be exchanged by the pilots, 
unequivocal guidelines and transferral specifications are needed. 

The communication guidelines should make sure that they permit 
not only contentually unique and redundant information flow, but 
also cover any occurring misunderstandings and inattentiveness of 
crew members which may yet occur. 

2.1.4 Composition of Working Groups 

The composition of working groups differs e.g. by sex, age, 
race, ability, education, experience and personality of the in- 
dividual cr ew members, and by the type and distribution of these 
characteristics within the team. In addition, there are factors 



arising from the time-duration or stability of such compositions 

/ 22 /. 


The influence of these parameters has evolved over the years 
particularly with regard to the composition of older, more 
experienced aircraft pilots with young, newly- trained copilots 
and has been recognized as a safety hazard /44/. It was also 
superimposed by a role misunderstanding of many, older air 
captains /45/. The influence of such individual parameters on 
the capability of the crew must be suppressed by appropriate 
schooling and attitude training of the pilots since the work 
schedules and rotation regulations constantly cause a change in 
the composition of the flight crews, particularly in large air- 
line companys . The individual characteristics of the pilots 
must therefore be suppressed in favor of interchangeability and 
in favor of a uniform capability in each team composition. 

2.2 Overview of the Structure of Present Crew Concepts 

The role assignment of pilots in the cockpits of civilian 
transport aircraft has been subjected to a severe change in recent 
years. Whereas before the command of the aircraft was solely in 
the hands of the flight captain, and co-pilot and flight engineer 
were relegated to the role of "hand-extenders," efforts today 
are aimed at a uniform distribution of tasks and responsibilities 
in the cockpit /44/. 

Such a distribution is necessary since the number of tasks 
for efficient and safe operation of the aircraft, the complexity 
of modern on-board systems and the requirements of flight accuracy 
will overload the work capacity of a single pilot. 

Detailed flight accident investigations and stress studies 
indicate rather, that a uniform distribution of the workload to 
the entire crew in all flight phases, standardized distribution of 
responsibilities and precise specification of relations between 
the crew members are absolute requirements for the safe operation 
of the aircraft /29, 40/. Furthermore, optimum procedures, 
a coordination of crew actions and well-structured checklists 
are viewed as necessary to maintain safety /26/. 

The new role distribution resulting in the cockpit provides 
for the coordinated cooperation of crew members with equal rights 
/30/. It presumes that all crew members are aware of the entire 
sequence of the flight command process at all times of the flight 
/26, 45/. Furthermore, each crew member is also required to 
perform his own work and monitor the actions of the other crew 
members and to report any striking abnormality in the system /45/. 

Mutual monitoring of flight captain and copilot is considered 
(~ unproblematic, since both are busy in close cooperation with the 
same tasks of aircraft command. But the implementation of mon- 
itoring of the flight engineer by the pilots is more difficult 


/II 
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since the former is busy with other tasks and usually sits behind 

the pilot. The monitoring of the flight engineer by a pilot 

means that the pilot must simultaneously leave his field of effort /12 

726/ . 

A coordination of crew activities should also prevent a 
series of situations recognized as potential sources of accident. 

For example, at all times at least one pilot should observe 
the most important aircraft status readings. Both pilots thus 
should never perform tasks simultaneously which divert them from 
aircraft command /40/. Possible solutions to improve the work 
performance and safety in the cockpit are the definition of 
work organizations with work division, communication and coordina- 
tion guidelines and training on flight simulators specifically 
for pilot cooperation. 

Concepts for tasks and roles of crew members currently pre- 
vailing in the air transport companys generally provide for 
two parallel structures in the cockpit: 

the so-called "command-line" and the "functional-line." The 
functional-line assigns the crew members to their position in the 
cockpit. They are generally designated as CMl, CM2 and CM3 (CM = 
crew member) , with positions 

CMl: front left 

CM2 : front right 

CM3: rear (on system panel) . 

The command-line is defined as: 

Captain (pilot in command = PIC) , First Officer, System Officer /l/. 

The pilot in command bears responsibility for command of 
the entire mission and coordinates the work sequence in the cockpit, 
regardless of the sometimes alternating action-responsibility 
for individual tasks. The allocation of tasks to the individual 
crew members differs for the pilot flying (PF) and the pilot not 
flying (PNF) . The roles of the PF and PNF are interchangeable 
between CMl and CM2 /44/. 

The goal of this division is to assure full use of a pilot 
for the primary task of flight command /10/. The precise assign- 
ment of individual tasks and activities to the roles of PF and PNF 
are different for each aircraft type and in every airline company. 

In addition, the various guidelines of the company instruct the /13 

pilots in a corresponding allocation of roles of the PF and PNF 
to the positions CMl and CM2 for different flight phases. For 
the assignment of individual activities to the areas of respon- 
sibility of the PF and PNF, an analysis of all tasks performed 
in the various flight phases and their breakdown into "specific 
behavioral objectives" is available /45/. "SBOs" represent 
attainable task-goals through precisely defined conduct and 
specified activities. These activities can finally be assigned 
to the crew members with consideration of specific guidelines /!/. 
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The resulting, general work divisions are presented in the 
tables in figures 2.2 and 2.3. The precise assignment of individual 
tasks to the crew members is found in the appropriate handbooks 
/ 6 , 10 , 11 /. 

The cockpit design of future transport aircraft is distin- 
guished by extensive digitalization of systems, new technologies 
for display and control elements and by a desired reduction in 
the cockpit crew / 48/. If the flight engineer remains in the cock- 
pit, a change in his seated position with a view forward (FFC — 
forward facing cockpit) is suggested /12/. The systems observed 
by him will be integrated into the front panels or into the over- 
head panel. 

Whereas a better, mutual monitoring of crew members will 
be achieved compared to the existing arrangement in the cockpit, 
the newly developed on-board computer systems represent a work 
capacity which could permit a reduction to the two-man crew /12/. 

The safety and reliability of both concepts will have to be 
demonstrated by a differentiated investigation of the procedures 
developed for them. In addition, the effects of the new technology 
on the workload on the pilots and on the entire work process will 
have to be taken into account. 

The statements of various airline companys on the structure 
of the work of their pilots in operational aircraft are based 
on the same prerequisites, but differ in the method of their 
evolution. For example, the work division resulting from the crew 
concepts is described in detail in the flight operations hand- 
books /6, 10/, a presentation of the principles underlying the 
work organization has only been found in /l/. 

In /27/ there is an overview of the approach method specified 
for US airline companys with reference to the pertinent crew- 
coordination concepts . 

The goal of the work organization is a clear and balanced 
distribution of tasks to the members of the cockpit crew. 

In order to promote an orderly cooperation, mutual monitoring 
and support of crew members, in /10/ guidelines are presented for 
communication of pilots and for delegation of tasks, in addition 
to the work division presented in fig. 2.3. 

Since the pilot flying assumed direct command of the air- 
craft, the pilot not flying will have to do all additional, 
needed switching tasks after being requested to do so by the PF. 
While the PF performs the control of the aircraft and the thrust 
control, the PNF upon instruction, must set the flaps and spoiler, 
lower the landing gear and select radio speech and radio naviga- 
tion frequencies. 

The delegation of such tasks is subjected in /10/ to a form- 
alism which is to assure the timely and proper execution. 



With a verbal confirmation of a request, the assigned crew 
member assumes responsibility for execution of this task. He 
is thus obligated to perform the action and to check the success 
of the action based on the appropriate indicators. Finally, a 
report is made that the task was completed. This confirmation 
requires the tasking member to check the action again /10/. The 
communication between pilots prescribed for the delegation of 
tasks thus provides for verbal confirmation and completion 
reports. This principle of two-way communication /44/ should assure 
that the tasked crew member completes the requested activities 
as "conscious action." This includes also a check of whether 
the required action can be performed under the particular system 
status. 

The introduced guidelines for work division, coordination 
and communication of crew members form a valuable framework for 
a safe and capable cooperation in the cockpit. But the applica- 
tion of these guidelines to the individual activities, flight 
phases and situations is decisive for the reliability of the 
system. 

In the transfer of crew concepts to the procedures for pilots 
using the example of the approach flight, four different principles 
are found in the literature (fig. 2.4) /l, 4, 27/. 

From the different distribution of responsibilities for 
actions and overall responsibility for the flight, conflict 
situations can develop. 

3esides the responsibility for the entire mission, the pilot 
in command has to make the decision on continuing the landing or 
performance of the "go around" procedure. The most important 
criterion for his decision, namely the identification of the run- 
way, is provided by the copilot (principle 1) . In another case 
he can perform this task entirely alone, but has no direct 
influence on flight command, since the copilot is flying the 
aircraft (principle 2) . 

In addition, in both cases the pilot flying by instruments 
must switch to visual approach in the middle of his approach 
flight. Besides the adaptation to external visual conditions 
connected with this, the tendency of pilots to switch to visual 
approach as soon as possible exerts a dangerous influence /29/. 

On the other hand, conflict situations can arise when the 
copilot as PF guides the aircraft and recognizes that the PIC 
is making wrong or hazardous decisions. Here the action-respon- 
sibility of the PF is opposed to the command responsibility of 
the PIC. 

The third principle attempts to go around these conflicts. 

But here the difficulty appears that the flight command task has 
to be transferred in the middle of the terminal approach which 
again requires an adaptation phase . 



In principle 4, the transfer of aircraft command is taken 
into account. But here a continual flight implementation by 
instruments is assured beyond the landing decision. The parallel 
and equally-authorized decision authority for the landing decision 
can also lead to conflicts in connection with the overall re- 
sponsibility of the PIC. The examples presented here pertain 
to manual aircraft command which is not used in most cases of 
normal flight performance, but is needed in system failures. 

But in the exceptional cases or emergency situations such con- 
flicts have a particularly severe effect. 

In addition, in viewing the work organizations one must take 
into account that to prevent or recognize errors, checking 
tasks, confirmation and reporting methods have to be introduced. 
Failure to follow these procedures by the pilots or their lax 
execution in phases of higher workload could lead in chains to 
danger situations which are not recognized by the pilots in time. 

The emergency procedures minimized and strictly organized 
for emergency situations are only applicable to a few, precisely 
defined emergency situations. Therefore one must check whether 
the pilots can come out of dangerous situations without having 
to leave the normal, prescribed procedures. 

Emergency situations, wrong reactions and decisions occur 
generally due to pilot overload. This overload should be pre- 
vented by a uniform task distribution defined in the work organ- 
ization. 

The preparation of time budgets for the pilot actions is 
not sufficient for estimating their workload. Such time budgets 
do not point up individual, short task pile-ups which lead to 
load peaks. Such task pile-ups necessarily occur when the actions 
of crew members are interrupted by requests via radio or e.g. 
during the approach when clearance is changed and a new approach 
has to be prepared in the shortest time due to high traffic den- 
sity . 


The procedure described in /45/ for development of work divi- 
sion via SBOs and the prerequisites described in /l/ presume that 
a work organization is being proposed for an already existing 
cockpit. With the specified positions of display and control 
elements in the cockpit, certain allocations of tasks are spec- 
ified 'a priori' without an optimization of the procedures being 
possible. A useful development of the work division for the 
pilots must be performed in connection with the cockpit proposal 
in order also to assure potential access to the positioning of 
cockpit elements. 

3. Selection of Descriptive Forms 

The cooperation of the pilots in the cockpit is affected by 
the specification of work organization with regard to work division 
action sequences, coordination and communication of crew members. 



But the crev; concepts provide no guidelines about the type of 
implementation of individual tasks. From this result the require- 
ments for descriptive forms to be used for the evaluation of 
work organizations. 

The descriptive forms must permit primarily the illustration 
of action sequences under consideration of specified guidelines 
on work division and coordination. Furthermore, they must be 
able to describe the effects of certain system states or actions 
on the work process of the pilots. Since the theorems to describe 
the work sequence in the cockpit are of prime importance for the 
evaluation method, the description and simulation of effects on 
the flight status and flight command process are not considered 
in this chapter. The description of effects of crew actions is 
only taken into account here when we are dealing with decision 
processes which directly affect the course of the work process 
in the cockpit. 

The previous development and evaluation of crew concepts 
takes place via time-line anayses which determine the workload 
on the pilot via the determination of time budgets, in addition to 
a detailed task analysis. 

The goal of the time-line analysis is to determine the work- 
load on operators in complex man-machine systems and the capabil- 
ity of the entire system /17/. The analysis provides for the 
determination of all execution times of task elements of the 
operators in order finally to compare by a simulation, the time 
span available for a specific mission with the time span needed 
for performance of that mission. The procedure and a program for 
implementation of time-line analysis are described in /23/ and 
/24/ for evaluation of the workload on pilots. 

The time-line analysis represents a very detailed investigation 
of the activities in the cockpit. With the precise breakdown of 
individual tasks down to individual motions of the pilot, the 
needed time can be determined very accurately. The influences on 
the work process of the pilot due to the crew concept are taken 
into account by the task analysis, provided they include the work 
division, individual, prescribed activities or relations. Account- 
ing for the different times for individual actions is possible 
by a Monte Carlo simulation in the calculation of the individual 
functions /35/. The basis of the analysis is of a normative nature 
where adherence to guidelines by the pilot and maintenance of 
specified time frames is postulated. The results of the analysis 
indicate whether these prerequisites are fulfilled. The reasons 
for exceeding the max. permissible workload are not made visible 
however . 

Thus, chains of wrong actions of the pilot can lead to a 
suddenly occurring increase in demands and thus to pilot overload. 
Critical steps, decision-bearers or guidelines in the work organ- 
ization which cause such danger situations are not recognized by 
an isolated consideration of time budgets. 



In addition, the correct execution of the individual tasks is 
presumed in the analysis. Effects on the work process of the 
pilots resulting from an incorrect handling of individual tasks 
can also not be taken into account in the analysis. 

As an aid in the description and calculation of the time 
profile of work processes, we have the waiting loop theory, in 
addition to the time-line analysis. 

The fundamentals needed for analysis and calculation of 
the load on waiting loop systems are presented in /15, 19, 21, 33, 
46/. Whereas an analytical solution is possible when considering 
simple systems, to obtain numerical solutions to complex systems, 
use of the Monte-Carlo simulation is suggested /33/. The basic 
procedure for simulation of waiting loop systems and program 
examples is explained in /46/. The equations for modeling and 
description of manipulation processes with the waiting loop theory 
are concentrated in the area of man-machine systems on monitoring 
tasks and man-machine cooperation. 

The suggestion to describe the man-machine interaction by 
a waiting loop thebry /31/ represents a relevant starting point 
of the evaluation method to be developed here. Proceeding from 
the modified requirements of men in modern systems of aircraft 
command, the modelling of man collaborating with intelligent 
computers was evolved /8, 9, 32, 41/. The complex task-situation 
for man is reinforced by the example of the flight management 
task . 


In /8/ the extent to which a variable task distribution 
(adapted to the workload on the pilot can be achieved between 
the computer and pilot, is investigated to see how it will con- 
tribute to the performance of the entire system. The cooperation 
of man and computer was modelled by means of waiting loop theory 
and theory applicability was demonstrated for the flight manage- 
ment task /8, 41/. 

The model is suggested for determination of the workload on 
pilots /8/. Compared to the results from the time-line analysis, 
the operating-theoretical view offers additional results through 
the possibility of flexible presentation of time-variant prior- 
ities in the operating process and by allowing an expansion to 
several operations /9/. Also, a calculation of the time workload 
on the pilot is possible not only as in the time-line analysis, but 
also an indirect determination of the workload via the length of 
the waiting loops /9/. 

The results developed in the described work permit a definite 
conclusion about the applicability of the operating theory for 
modelling the cooperation of the pilots. Thus, for the evaluation 
method under development a theorem 'was suggested which puts the 
description of the work process in the cockpit into a waiting 
loop model with 2 operators (pilots) with parallel waiting loops. 
The tasks to be performed by the pilots appear as customers in 
the operating system. The theorem is described in sec. 3.1. 



For a description of crew concepts, besides a description 
of the action sequence, the pilot decisions relevant to the work 
process must be taken into account. Any non-normative decisions 
should also be taken into account. 

The theory of indefinite sets provides the possibility for 
presentation of imprecise statements with mathematic aids. Its 
fundamental definitions are presented in /51/. 

The imprecise representation of verbal statements and the 
modification of evaluation criteria through additional subjective 
estimations are fundamental properties of human decision-making. 
Thus the Fuzzy Set Theory may describe and analyze human decision- 
making processes. Appropriate laws are presented in /3, 42, 50, 
52/. They sometimes proceed from different structures for 
presentation of decision-making. 

The equation presented in /50/ describes the decision- 
making bv means of a matrix of evaluation numbers. The matrix 
element Bj j (0< 3; j < 1 ) indicates the extent to which a possible 
alternative A. fulfills a certain evaluation criterion C j . 
Different-strength influences of criteria and relations of criteria 
to each other can be taken into account. The evaluation numbers 
B j: are considered as imprecise companion values. The determination 
of the best alternative is done via a min-max determination in 
accord with the rules of the Fuzzy Set Theory. 

The decisions to be made by the pilots shall be described 
in the computer simulation of the evaluation method to be developed 
for crew concepts. The structure of these decision- tasks is 
relatively specified by the alternatives and criteria described 
in the flight handbooks. An analysis corresponding to the theorem 
of /42/ by using decision-making trees would require measurement of 
all evaluation and probability functions, which practically could 
only be performed via pilot questionnaires which would lead to 
incorrect results. Therefore, for the analysis and description 
of the decision tasks we refer back to a form corresponding to 
that in /50/. The number of functions to be measured is reduced 
to the number of specified criteria. Whereas in the matrix only 
the specified and measurable criteria are taken into account, it 
seems useful to combine the subjective criteria of the pilot in 
the imprecise evaluation quantity B... 

The equation is presented in detail in sec. 3.2. 

3.1 Waiting Loop Model to Simulate Action Sequences in the Cockpit 

A waiting loop system was selected to describe the action 
sequences of pilots on the computer; it is illustrated in fig. 3.1. 
The system contains 2 parallel processing channels whose operators 
represent the two pilots in the cockpit. "Customers" or process- 
ing units of the system represent the tasks or activities to be 
performed by the pilots . In acoord with the properties of these 
tasks, they are assigned into task classes and placed into a 
supply file. The supply file contains all possible actions of the 
pilots during the flight phase. The tasks appear in the crew 
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system in accord with a specified time distribution; they are 
allocated to processing channels in accord with the 
work division of the pilots specified in the crew concept and 
are processed by the pilot or copilot. 

If the pilot is busy with a task upon arrival of another task, 
a waiting loop forms . Once a task has been processed or an action 
performed, it leaves the crew system. Multiple-occurring tasks 
return to the supply file; final, completed tasks or one-time 
actions leave the cycle. 

The effects of implementation of tasks on the flight command 
process and the processing status of tasks are determined in an 
information system and stored. 

To determine the capability of the waiting loop system, we 
need to know the frequency and processing rate for the tasks to 
be handled. To apply the waiting loop model to the work process 
of a cockpit crew, the conditions of the flight command process 
have to be transferred to the functional mechanism of the waiting 
loop model. The parameters of the waiting loop system to be 
defined are assumed to be time-invariant within an operating phase. 

In the definition of input parameters for the waiting loop 
system, functional and process-sequence parameters are differ- 
entiated (fig. 3.2). The function-specific parameters determine 
the allocation of tasks to the processing channels, the urgency of 
their processing and their time dependence on other tasks or events 
of the flight command process. These parameters can be found in 
the crew concepts and flight handbooks. 

By the task-type, we mean the allocation of a task to a /22 

processing channel in accord with the work division of the pilots 
specified in the crew concept. This takes into account that 
certain tasks can be performed by both crew members and assumes 
that the less busy pilot will perform the task. In this case, 
the lenght of the waiting loops is used as a measure for the 
workload on the pilots . 

The task-dependence tells the causal sequence in which cer- 
tain tasks can appear. It thus permits e.g. the entry of a task 
into the crew system only on the condition that other tasks 
have already been completed or certain system states have been 
reached. 

The service discipline of the waiting loop system determines 
the sequence in which the appearing tasks are worked off. Three 
disciplines can be selected: 

-f ir st- come- firs t- served 
- las t- come- f irst-served 
-absolute priority. 

Thus it is possible to rank certain task priorities over 
other tasks, so that upon entry to the crew system, it will be 
worked off first. 
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Tasks with highest priority and special urgency are taken 
o over by the pilot for execution immediately after their arrival, 
whereas the task being processed to this time is pushed back 
into the waiting loop. 

The sequence-specific parameters represent characteristic 
quantities for the arrival and processing times of the tasks. 

When using the model in a Monte-Carlo simulation, distri- 
bution functions (form and parameters) are to be specified for 
the arrival times and processing time of each task. 

Furthermore, the definition of the maximum number of task 
arrivals in the operating phases is needed. If one-time arriving 
tasks cannot be clearly assigned to a certain operating phase, 
then their arrival probability must be taken into account in the 
individual operating phases . 


With regard to the sequence of a flight command process, 
information is needed on the arrival times of individual events 
(e.g. timepoint of overflight of outer marker) and the duration 
of operating phases for consideration in the waiting loop system. 
The sequence-specific parameters were obtained from a measurement 
series run on a flight simulator. The determination of all 
parameters needed for simulation of crew activities on the com- 
puter is described in detail in sec. 4. 
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3.2 Simulation of Decision-Making Processes in the Cockpit 
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A rule was developed from the Fuzzy Set theory for simula- 
tion of decision-making processes in the cockpit. This rule 
is applied to the example of decision-making on continuance or 
termination of landing in terminal approach flight. 


In this case the pilot's task is to identify visually the 
approached runway before reaching minimum height. If the runway 
is identified, the approach can be continued. If it is not visible, 
the pilots must decide to implement the wrong-approach procedure 
no later than after reaching the minimum altitude. The objective 
criteria for this decision are the visibility or identif iability 
of the runway and the altitude of the aircraft with respect to 
the minimum altitude. 


The decision-making process can be illustrated in the form 
of a matrix as in fig. 3.3. The alternatives "land" or "go 
around" are evaluated with regard to the named criteria of 
"vision" and "altitude." The decision is made on the basis of a 
comparison of the evaluation numbers. 

But since this is a decision-making human process, the 
evaluation factors are not measurable. In addition, it must be 
assumed that man will perform the evaluation of criteria based 
n on a subjective estimation of the approach situation and will 

also use other, subjective criteria for his decision. The type 
and evaluation of such criteria likewise cannot be determined. 
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The structure in fig. 3.3 is taken as a basis for the simula- 
tion of decision-making tasks. The determination of the parti- 
cular evaluation factors takes place under the presumption of 
evaluation functions which are also to contain the subjective 
criteria. 

The presentation of such subjective evaluation functions 
takes place by means of the Fuzzy Set theory. The subjective 
evaluations are carried back to the objective and measurable 
criteria . 

Fig. 3.4 shows e.g. the evaluation function for deciding 
between the alternatives "landing" based on the criterion "visi- 
bility." The qualitatively-indicated curve thus gives an eval- 
uation number for each value of the visibility of the runway 
for the alternative "landing," which can be entered into the 
decision-making matrix (fig. 3.3). In this case, all subjective 
criteria and evaluations of the pilot are to be taken into account 
in the evaluation function. The corresponding evaluation func- 
tion for the alternative "go around' based on the criterion 
"altitude" is also shown in fig. 3.4. After a determination of 
the factors for the matrix from the evaluation functions, the 
decision is made according to the rules of the Fuzzy-Set theory 
via a minimum-maximum calculation. 

In order to be able to conduct the simulation of this decision 
on the computer, the corresponding evaluation functions must be 
known . 

The evaluation functions should thus be determined from 
measurements on the flight simulator. From these tests the meas- 
ured values for altitude and visibility of the runway-symbol 
and the results of the decision should be measurable. By means 
of the measured values, the evaluation functions can be formed. 

Since the determination of the evaluation functions cannot 
be performed analytically from the results and input values of 
the decision-making matrix, the evaluation functions must be 
adapted to the test results. 

The determination of evaluation functions will be explained 
in sec . 4.4. 

4. Measurement Series on the Flight Simulator and Determina- /25 

tion of a Data Base for Computer Simulation 

The goal of the test series performed on the flight simulator 
is the determination of a data base for computer simulation of 
the activity sequence in the cockpit. The waiting loop model 
developed for the computer simulation (sec. 3.1) requires input 
delta on the frequency and processing time of the individual 
tasks, and information on the arrival times of events which 
directly affect the activity sequence (e.g. reaching the outer 
marker or decision altitude, end of operating phases) . 
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The decisions made by the cockpit crew which directly 
effect a change in the intended task plan of the pilots, are taken 
into account in the computer simulation using the example of the 
decision on landing or execution of the go-around procedure in 
terminal approach. The decision-making model developed here is 
based on the theory of indefinite sets and has been described in 
sec. 3.2. Decision-making of this model requires so-called 
evaluation functions which are to be determined from the test 
series on the flight simulator through measurement of the objec- 
tive decision-making criteria and of the decision-result actually 
taken . 

A 2-axis navigation trainer was available for the measurement 
series. The flight characteristics of the simulator correspond to 
those of a DC9 . The cockpit equipment includes all navigation 
and the most important engine-monitoring instruments. With pre- 
viously available equipment, the checklist work of the pilot was 
kept to a minimum. Therefore an overhead panel was suggested 
and built which permits an extensive checklist work for this 
test. In addition, the simulator was expanded to include a 
vision task for the pilot which was used to simulate the runway 
viewing in terminal approach. 

An overview of the hardware expansions and measurement 
features of the simulator is given below (sec. 4.1) . The 
description of flight tasks, test conditions and test sequence 
(sec. 4.2) is followed by a summary of measured results (sec. 4.3) 

For application of the measured results in the computer 
simulation, a statistical evaluation of the measured data is 
needed; this is presented in sec. 4.4. 

4.1 Expansions of the Flight Simulator and Measurement Facilities 

The simulator was expanded to include an overhead panel in 
order to permit more extensive switching and monitoring tasks of 
the pilot in the tests. In the development of the panel, existing 
equipment in the DC9 aircraft was taken into account with regard 
to content and placement /14/. 

The panel is shown in fig. 4 and the display and control 
elements are shown in fig. 4.2 and 4.3. Under consideration 
of the existing potentials with the simulator, only the func- 
tions summarized in group A can be simulated. Functions of group 
B sometimes affect the displays on the panel itself, whereas 
those in group C have no influence on the simulator. 

The switching tasks provided in the tests and presented in 
the checklists can be performed by the elements presented in 
groups A and B. 

To check the checklist work, monitoring of the timely and 
proper execution of these tasks is necessary. In order to do this 
the overhead panel was expanded to include a monitoring logic unit 



In order to permit a pilot decision in the flight simulator 
on continuing the approach once the minimum altitude is reached, 
the runway visibility must be simulated. 

Since no vision simulation was available for the flight 
simulator, a supplemental task of the pilot was designed which 
will still permit execution of this critical decision. 

The task consists of the identification of a runway symbol 
having different brightness. 

The symbol shows the approach lights of a runway as they 
appear to the pilot at about 300 feet altitude above the middle 
marker. The brightness of the symbol is controlled by the radio 
altitude finder of the simulator and can be overlapped by a 
noise signal. 

The gradient of the brightness increase with decreasing 
altitude is adjustable on the instructor's console so that 
the symbol's visibility can be varied to simulate the influence 
of different weather conditions (see fig. 4.4, 4.5). In addition 
different lights were installed in the vicinity of the symbol 
which light up in different configurations and brightnesses 
for each approach. Thus the task of runway identification is 
to be performed from the total picture seen. 

The task is considered completed as soon as the pilots have 
made the decision on continuing or terminating the landing; the 
symbol is shut off and the final approach is continued by instru- 
ments on the simulator. 

The measuring devices on the flight simulator should permit 
a determination of the time taken for all pilot actions, for 
action sequences, for radio communications and for system status. 
The procedure described in /36/ is taken as a basis for this. 

Three multichannel printers and one tape recorder with 16 
recording channels and 7 sound channels were available as record- 
ing instruments. 

Besides the determination of the directly-measurable quan- 
tities on the flight simulator, the recordings of verbal exchange 
of an observer is included; this observer sat behind the pilots 
and commented on their actions. 

The structure of the measurement facilities is shown in 
fig. 4.6. For a chronological allocation of the data to the 
various data carriers, a time-pulse clock was built which places 
time marks or sound signals at desired clock frequency simultan- 
eously on the printer and on the tape recorder. 

The measured quantities transferred to the printer are all 
quantities of system status obtainable from the flight simulator. 
These are: 



-course 
-roll angle 
-pitch angle 
-elevators 
-rudder 
-aileron 

-barometric pressure /28 

-radio altimeter 

-indicated airspeed 

-vertical velocity 

-deviation from ILS glide path 

-deviation from ILS Localizer course 

-distance to landing point 

-EPR setting 

-flap position 

-control unit for runway symbol brightness 

The following information is transferred to the tape recorder: 

-radio speech transmissions 
-conversations between pilots 
-commentary of the test director 
-commentary of the observer 
-other commentary 
-time marks . 

The recording of conversations between the pilots serves 
as a check of the prescribed communication guidelines, to deter- 
mine non-relevant communication and to check the checklist read- 
off. The recording of commentary of the test director should 
contain additional information about system failures and special 
events as per the sequence of the test. 

The use of an observer for the pilots became necessary in 
order to record all other pilot activities not directly measurable 
on the simulator or recordable on the tape recorder. Among these 
are e.g. the operation of the spoiler, selection of navigation 
and radio frequencies, setting the speed-bug or reading and 
writing of flight documents. 

Other commentary was provided in order to record unforseen 
or unusual occurrances to the measuring equipment, settings and 
calibration of the equipment. /29 

4.2 Test Conditions and Test Sequence 

48 approach flights to 12 different German commercial air- 
ports were run. Each 4 flights were run under the same conditions 
on the same airport. The flight task for the pilots comprised 
the operating phases "initial approach," "holding/approach" and 
’’final." The following designations and limitations were selected 
for the evaluation of the tests: 
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Phase 1: Initial approach from beginning of test until Main aid 

is reached 

Phase 2: Holding/approach holding continues, intermediate approach 

until the approach baseline is reached 

Phase 3: Final approach until roll-out or initiation of the 

go-around procedure. 

Both precision and non-precision approaches were used. The 
12 different approach flights are listed in table 4.1 together 
with the pertinent weather and visibility conditions. Figure 4.7 
shows the particular profile of one approach from this test 
series. In this form the information is presented on the flight 
task to the test director. Instructions on the radio speech 
contacts to be performed by him with the aircraft crew and infor- 
mation about special events to be simulated (e.g. failure of an 
engine or of navigation instruments) were also a part of this. 

The test plan also contained the data needed to set the w^eather 
and visibility conditions on the simulator and the radio speech 
frequencies valid for the approach. 

The scope of the flight task is presented in fig. 4.7 for 
the example of an approach to the Hannover airport. The start 
of the test began with the aircraft positioned at radial 142 of 
Nienburg VOR in FL80 in the cruise flight configuration. The 
measurements began once the VOR Nienburg was passed. The flight 
task included the flight to VOR Hannover, execution of the hold- 
ing procedure over the VOR and subsequent ILS approach to runway 
HNV 027R and possible execution of the go-around procedure. The 
task also included the execution of necessary procedure checks, 
of radio communications and management of flight documents. 

The approach flights to the various airports were run in /30 

alternating sequence so that the pilots had to adjust to new 
conditions for each test. 

At the beginning of each test, the elevation and location of 
the aircraft, the flight status and the position of all control 
elements in the cockpit were initialized and frozen in. The 
pilots received their first information for the impending test 
as the TAKE OFF AND LANDING DATA SHEET with the needed information 
on the flight (fuel quantity, weight), destination airport and 
intended arrival route, and the aircraft location at the beginning 
of the test. Furthermore, the ground control center and frequency 
for radio speech contact were specified. 

During the test the pilots had the following information 
available: ATIS, the needed ground control stations for radio 
contact and all navigation aids necessary for the approach. 

The instructions of the flight safety service and additional 
information for the test run specified in the test plan (fig. 4.7) 
are presented for all tests in table 4.2. 



Two pilots were made available from Lufthansa; after 4 
approach flights they exchanged roles as captain or first officer. 
The pilots flew in accord with the rules of the Crew Coordination 
Concept and all other instructions (procedures, minima etc.) of 
Lufthansa. 

4.3 Measured Results 

The results obtained from the test series run on the simulator 
should be used as input data for the computer simulation. 

Initially, the starting and ending times of pilot activities 
and the arrival times of individual events were determined from 
the chart recordings. In order to do this, the pilot activities 
had to be defined, i.e. action units had to be specified. 

The goal of the test series performed here is to obtain 
data for the development and fundamental demonstration of the 
operationality of the evaluation procedure. Therefore, at first 
a rough breakdown of pilot activities was selected which 
reduced the test or measuring effort and assured cohesiveness 
in the development of the computer simulation. 

Thus, a summary of individual activities of the pilots 
into so-called tasks was performed. The characteristic values for 
the tasks were determined qualitatively only, due to the small 
scope of the measured series, but are held to be satisfactory for 
the named purpose. In particular the following definitions and 
conditions resulted for the measurements and evaluation of the 
test series; 

Several activities of one or both pilots which served the 
same subgoal of the flight command task, were combined into one 
task; e.g. task "initiate descent" = shut off auto pilot 

watch instruments 
operate control horn 
regulate descent rate 
trimming (all for PF) 

The tasks included in the test series and their pertinent 
activities are presented in table 4.3. 

The processing and interarrival time (also called "between time" 
were determined for each task. 

The interarrival time is defined as the time span which passes 
at the beginning of a task since the beginning of its previous 
processing, for its initial occurrance since the beginning of 
the test*. 
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T.N.: This statement is totally unclear in the original. 



Besides the task-specific quantities, the arrival time 
of events was determined, provided they relate directly to 
the pilot's task area. Among these are e.g. the arrival at 
the outer marker and the end of an operating phase. A total 
presentation of the obtained results is given in table 4.4. 

The flights were divided into different operating phases 
for evaluation (see page 29) . It must be assumed that due to 
the different requirements on the pilots in the different opera- 
ting phases, different distributions of task-specific parameters 
like duration and between-time will result. The evaluation of 
the test series was thus separated according to operating phases. 

Based on the selection of various airports and approach 
procedures, the individual approaches and corresponding operating 
phases exhibit large differences in duration. For once-only 
tasks and events whose between-time varied greatly over several 
flights as the difference from arrival time to test begin, the 
between-time was normed to the duration of the corresponding 
operating phase. 

Based on the definition made on page 29, the "final" opera- 
ting phase begins once the approach baseline is reached. The 
phase beginning thus varies greatly, depending on the specified 
approach procedure and according to the attained flight accuracy. 
Tasks and events in the "final" phase, like e.g. reaching the 
outer marker, reaching the decision altitude or the landing 
decision are specified very accurately through the specific 
conditions of the glide route, the altitude minima and the dis- 
tances to the approach baseline. Their arrival times are thus 
not related to the phase beginning, but to the phase end. 

During the evaluation of the test series it turned out that once- 
only tasks (e.g. approach briefing or final check) could not be 
uniquely allocated to a specific operating phase under the pre- 
vailing definition of the operating phases (page 29) . Since the 
given definition is retained for the computer simulation, the 
frequencies of the occurrance of these tasks were determined 
in the corresponding operating phases. The results are presented 
in table 4.5. 

The test evaluation was initially performed by identification 
and marking of tasks and events based on the measured quantities 
in the recording and charts based on the synchronization narks. 
Next, the data input to the computer was done for further eval- 
uation of test data (fig. 4.8) . 

After input of the allocation of synchronization marks in 
real time (program ZZ) , the starting and end times of the in- 
dividual tasks and event times were read-in (program DATEN) . 

At the same time the DATEN program computed the time points in 
real time and the task duration and between-times were calcula- 
ted. The expression shown in fig. 4.9 contains the measured and 
computed data from one approach according to test plan (fig. 4.7) 



for the "final" operating phase. With the HIST program finally, /33 
the histograms for the processing time and between-times of the 
individual tasks were computed per operating phase from the com- 
puted test data. 

Using the same procedure with corresponding programs, the 
histograms were computed for the arrival time of the determined 
events (table 4.4). Table 4.6 gives an overview of the entire 
program packet prepared for the test series for data storage and 
test evaluation. 


4.3.1 Adaptation of model Distribution Functions and Parameter 
Identification 


After conclusion of the computations presented in the pre- 
ceeding section, the histograms of the test data were available. 
For the histogram values H(i) we have: 


H (i ) 


h ( xi ) 

NGES 


with i =1,100 

x^ = measured value, x^ = min. meas. value, x 1 =max 

NGES = number of measurements 

h(x.) = frequency of occurrence of meas. values x with 


x.<x<x. +] 

From the measured values 
the empirical average (mean) 

NGES 

x- 1 y~ x: 
x lets Sr, 1 

and the empirical variance 
were calculated as charac- 
teristic values of the 

2 1 tjpES, -,2 

NGES - 1 f- * 

1-1 


measurement . 


value 


In the Monte-Carlo simulation of crew activities on the /34 

computer, the values for the arrival and processing times of events 
or tasks were generated by the computer. The distribution func- 
tion and its parameters desired for the values must be specified. 

If the computer-generated distribution of times of measurements 
should correspond to those on the flight simulator, then the 
adaptation of a model distribution function to the measured histo- 
gram must be performed. To simplify this computer generation it 
is expedient to use standardized distribution functions as model. 

For the adaptations performed here, we were limited to a 
normal, exponential and Erlang-distribution. 

The adaptation of a model distribution function to a measured 
random sample is only meaningful when measured and adapted 
function correspond to the same definition, relate to the same 
value-range and when they are visibly similar. 
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Therefore an adaptation to the histogram was performed through 
/’"A a model distribution density. Since the value range of the histo- 
gram is limited by the maximum and minimum measured value, the 
adaptation took place only within these limits . 

The sometimes small number of measured values and the fixed 
distribution of 100 in the value range led in some cases to use- 
less histogram images (fig. 4.10a) . Thus the distribution was 
reduced, provided a greater histogram similarily to one of the 
named model distribution densities resulted (fig. 4.10b). 

"Gaps" present in the histograms generated from the absence 
of measured values at individual points of the value range are 
filled by averaging the neighboring histogram values. Next, the 
histograms are normed again. 

The changed histogram (for the purpose of a meaningful adap- 
tation) is called the "measured distribution density" v(i) below. 


Provided model functions are the normal distribution 
density: 

,2 


f(x) = — -tL=t G.XD - -co <X < co 

(5 v27T 2 6 2 ■ 


with the parameters /*• ^ 


the exponential distribution density 


(D >0 


f (x) = A • e 

with the parameter ^ 


-Ax 


- OO < J X < Co 
0 X < CO 

A >0 
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and the Erlang distribution density 

ffy) -• (K--A) k x k-1 . „-kAx 
" (k-D! 


with the parameters A t k 


0 < X < CC 

A > 0 

k > 0 , whole number 


After selection of the type of form of the model, the 
parameter identification can begin. 

In the literature /7, 46/ the instantaneous-method and the 
maximum likelihood method are proposed for estimation of the 
parameters of distribution functions. In this case the value 
range of the histogram is assumed to be unlimited (-co < x ). 

An adaptation of the distribution density within a limited value 
range is possible with the search-aigorithn proposed in /34/. 
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We are dealing here with a method for seeking a local optimum 
of a multivariable quality function. When using the method on 
the problem at hand, the quadratic sum of the deviation of the 
model distribution density from the measured distribution density 
is selected as quality function: 


Quality function 


G = G(p t ,p 2 ) = E Yj ( Xj ) - f(>:j # P 1# P 2 ) Z I 

i=1 


l MIN ! 


To check the adaptation, the deviations of the average value, 
and of the variance of the adapted model distribution density from 
the empirical characteristic values of the histogram, are found. 




The VANP program developed for the adaptation provides for 
the conversion of the histogram into the "measured distribution 
density" after specification of the desired task, operating phase 
and reference quantity (between time or processing duration) . 

The division of the value range can be changed as desired, in 
this case. After specification of the desired model distribution 
form and input of the start values, the adaptation occurs via the 
subroutine developed in /34/ when using the quality criterion from 
equation ... 

As start values we cite estimations for the parameters p-j^ and 
P 2 of the model function and their probable changes. When per- 
forming the adaptation, the start values for the parameters are 
determined from the empirical characteristic values of the histo- 
gram determined as per the relations: 



« X 






5 ^ for normal distribution 

for exponential distribution 

depending on form; for Erlang distribution 

density 


For a specification of the most likely changes in parameters, 
a value of ca . 10% of the parameter initial values is suggested 
in /34/. 


Figure 4.11 shows the results of the adaptation using the 
example of the task duration of task 2 in phase 2. 

In this case a reduced division was assumed for the conver- 
sion of the histogram (4.11) into the "measured distribution 
density" (4.11). Figure 4.11 also shows the distribution density 
resulting from the selection of the parameter-initial values and 
adapted finally by the search algorithm. 
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The results of the adaptation for the task-specific quanti- 
ties, duration and between- time , are found in tables 4.7 to 4.9 
separated according to operating phases. The determined statis- 
tical characteristic values for the phase lengths are shown in 
table 4.10? the adaptation results for the event-occurrance times 
are found in table 4.11. 


Overall, all histograms could be adapted by the three pre- 
selected distribution functions. Through the sometimes very 
small scope of the measured values there resulted significant 
deviations of the mean for several functions and of the variance 
of the adapted function from the empirical mean and variance 
of the measurement. 
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As already mentioned, the qualitative determination of para- 
meters and specification of a procedure for determination of 
the evaluation method is initially satisfactory. 

For other tasks and more stringent requirements one would have 
to check whether the scope of measurements will meet the require- 
ments. As a check of the adaptation, a significance test should 
be run. For checking the significance of adapted distribution 
functions, the Kolmorogov-Smirnov test is suggested in /6/ and 
/ 46/ . 

4.3.2 Determination of the Evaluation Functions for the Decision 
Model 
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For modelling of pilot decisions having a direct influence on 
the activity sequence in the cockpit, a fuzzy-set theoretical 
model was selected in sec. 3.2. The subjective decision-making 
of the pilot is simulated by means of a decision matrix (fig. 3.3) , 
The application and testing of the model will be done here by 
using the example of making a decision on whether or not to 
terminate or continue the final approach once the minimum is 
reached. The alternatives of "land" and "go around" are assigned 
values in the decision matrix which relate to the objective cri- 
teria of visibility of the runway and of the present aircraft 
altitude compared to the minimum. The evaluations should con- 
tain all subjective factors affecting human judgement. The 
allocation of objective criteria like "visibility" and "altitude" 
to the subjective evaluation numbers is illustrated by indefinite- 
sets companion functions. 

Simulation of the decison-making occurs through specification 
of the values for the aircraft altitude and runway visibility, 
followed by a search for subjective evaluations in the fuzzy- 
evaluation functions and determination of the decision result in 
the decision matrix by comparison of the evaluations as per the 
rules of indefinite set theory (fig. 4.12). 

To implement the simulation the indefinite evaluation func- 
tions must be known. Their profile was determined from the test 
series run on the flight simulator. 
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As evaluation functions we found: 




-HL (h) as companion function of measured values h for altitude 
to the total of all measured values which lead to a 
"land" decision, 


-HG (h) as companion function of measured values h to the total 
of all measured values which lead to the decision "go 
around" 

-SL (u) as companion function of measured values u to the total 

of all measured values which lead to the "land" decision. 


-SG (u) as companion function of measured values u to the total 
of all measured values which lead to the "go around" 
decision . 


The values of the companion functions thus express a measure 
of the potential for allocation of the present measured value h or 
u to the decision alternatives "land" or "go around." 


For analysis of the decision-making conduct of the pilots in 

the test series, the measurement ranges for the altitude difference 

H ( H = H - H . ) and the voltage U (control voltage 

for runway r symbol) wWre 1 Broken down into intervals. In accord 

with the set-up of a histogram, the frequencies of the measured 

k - ' values u or h determined for the particular decision results, 

were determined for U and H. 

s 

Norming of the values took place together via HL and HL or 

SL and SG, respectively, by setting the maximum frequency of a 

measured value for U or H to 1. 

s 

The determined evaluation functions were taken as a basis 
for the EMOD program which performs decision-making upon input 
of two measured values for H and U as per the procedure illus- 
trated in fig. 2.12. The obtained s results however, have no 
similarity to the decision-making behavior of the pilot measured 
in the test series and partly contradicted the normative regulation 
for the landing decision. 

Therefore, two additional assumptions were made which led to 
a modification of the evaluation functions: 


Assumption 1: 


or 




If the pilot at altitude h and visibility u decides 
to land, then he will make the same decision at 
the same visibility at greater altitudes; 

If the pilot at altitude h and visibility u decides 
to go around, then he will make the same decision at 
the same visibility at lower altitudes for the 
flight approach procedure. 

Assumption 2 is similar to the first one for 
measured quantity U s : 


/4 0 
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The same decision of the pilot to "land" for the same 

altitude and better visibility (greater u) 

or The same decision of the pilot to "go around" for the 

same altitude and worse visibility (smaller U) . 

The modification of the evaluation functions through the 
above assumptions corresponds to an integration of the evaluation 
functions . The first formation law for the evaluation functions 
(page..) was formulated analogous to that of a histogram. The 
assumptions change the formation law into an analogous law for 
a distribution function. 

The determined evaluation functions were modified in accord 
with the additional assumptions and are presented in figures 
4.13 and 4.14. Figure 4.15 shows the decision results obtained 
with the model compared to the parameters "visibility" and 
"altitude" in contrast to normative and simulator-measured 
decisions . 

The model with modified evaluation functions gives results in 
full agreement with the results measured on the flight simulator 
(see fig . 4 . 15) . 

4.4 Determination of Parameters for the Function of the Activity 

Sequence in the Cockpit 

For modelling the action sequences of the pilots, besides 
the time distribution and processing time of the individual tasks 
we must also know by which rules the tasks are distributed to the 
crew members and to what extent functional relationships exist 
between tasks and events in the flight sequence. Information on 
this topic was taken from the crew concept /l, 10, 45/ and flight 
operations handbooks /ll, 14/. The parameters taken into account 
in the model are described below. 

In the crew concept the work division and the functional 
principles of the activity sequence are specified. In addition, 
communication guidelines for the pilots specify the possibilities 
for delegation of tasks and responsibilities. 

For the development of the evaluation method we first pro- 
ceed from a normative behavior of the pilot so that the functional 
parameters for the model can be taken directly from the guidelines 

As the first parameter we determine the task distribution 
which tells for each task whether it is to be handled by CM1, CM2 
or jointly. 

The mission-specific conditions and the content of the 
individual tasks leads to material or chronological dependencies 
of the tasks and of tasks to events of the flight sequence. For 
example, the descent (task 2) can only be initiated when a release 
from flight safety has been received, or at least when a radio 
contact (task 25) has taken place. The final check shall be 



conducted as per operating handbook /ll/ only after flying over 
the outer marker and is predicated upon a completed approach 
briefing. 

Besides the parameters of the task and event dependence, 
the importance of every task and thus its priority over other tasks 
must be determined. Such priorities result e.g. due to time- 
indefinite events (radio calls to the FS) or due to the flight 
status (tasks of altitude, speed and position control) . A dis- 
tinction is made between tasks without priority, with normal 
and absolute priority. For normal priority of a task, it is /4 

the next item handled directly by the pilot as soon as the 
pilot completes the activity already underway. For absolute 
priority of a task, the pilot interrupts his ongoing activity 
in order to complete the priority task at once. 

Finally, from the specified mission profile for each task 
the frequency of its occurrence in the individual operating phases 
is determined. 

A compilation of the determined parameters (task distribution, 
task dependencies, event dependencies, priority, max. frequency 
of occurrence) is presented in table 4.12. 

5. Simulation of the Work Process on the Computer /43 

In this chapter an overview is presented of the structure 
and potential uses of the computer simulation. With the planned 
application of the simulation program as an aid in the evaluation 
process for crev; concepts, requirements are made of the simulation 
which are presented in sec. 5.1. With the overview and explana- 
tions of the program structure (sec. 5.2), the compilation of 
all input parameters is given for the computer simulation. Besides 
the parameters determined from the test series on the flight 
simulator, the characteristic values of the crew concept used 
in the evaluation-method development phase, are a part of this. 

In sec. 5.3 there follows the implementation and investigation of 
the computer simulation and a discussion of the possible simula- 
tion results, compared to the requirements presented in sec. 5.1. 

5.1 Requirements of the Computer Simulation 

The evaluation method for crew concepts designed here 
provides for a computer simulation of cockpit action sequences 
resulting from a certain work organization. Proceeding from a 
data base which contains the task and mission-specific char- 
acteristic values, a large number of flights will be simulated 
on the computer according to the evaluative crew concept and 
evaluated. The use of a Monte-Carlo simulation thus permits the 
evaluation of many different situations. At the same time, 
critical situations are to be recognized in the simulated action 
sequence and conclusions shall be drawn about regulations of 
the work organization which cause or promote said critical 
situations . 



Different action sequences are formed in the computer simula- 
tion through variation of the task and event-specific parameters. 

The parameter variation is based on the limit values and distri- 
bution functions determined in chapter 2 for the parameters. The 
number of flights executed in the computer simulation should be /44 

as large as possible so that the parameter distributions attained 
in the simulation come as close as possible to the specified 
distributions. The determination of a minimum number of simula- 
tion runs should be the first goal of the testing of this computer 
simulation. 

Furthermore we must check to what extent the computer-simulated 
action sequences can be viewed as realistic or the same as the 
action sequences actually observed on the flight simulator. 

Conclusions in this regard should give the arrival, processing, 
system and waiting times for the tasks in the computer simulation. 

The goal of the evaluation process is to determine critical 
events in the action sequence of the pilot. Critical events are 
those temporal task pile-ups which indicate pilot overload. The 
consequence of pilot overload can also be that certain tasks 
cannot be completed within a specified timeframe. Such events 
should also be recognized in the computer simulation. 

Besides the recognition of critical situations, the tracking 
of the simulated action sequence in reverse order must be possible 
in order to draw conclusions from the actual event about its 
causes . 

5.2 Program Overview /45 

The program packet for simulation of the action sequences 
and evaluation of the work organization is presented in the 
overview, table 5.1. It is broken down into sections on "parameter 
input," "simulation" and "statistical evaluation." 

The parameters determined in chapter 4 or the characteristic 
values of their distribution functions are read in by the programs 
CINI and CEIN and are stored on magnetic disc for the simulation. 

We are dealing with the between-times , processing times, task 
allocations etc. In table 5.2 there is a listing and explanation 
of all input values. The input and storage occurs, like the 
simulation, in accord with the results obtained in chapter 4, 
separately by operating phases. 

For the simulation of action sequences the main program CREW 
was developed; it has the subprograms listed in table 5.1. In the 
main program we have the read-in of parameters from the magnetic 
disc, the selection of operating mode of the simulation and the 
specification of mission-specific events. 

The main operating mode is the simulation of max. 100 approach 
flights with simultaneous data storage for the evaluation with 
an overview printout. The storage of internal variables of state 
at the beginning and end of each simulated approach permits a 



continuation of the computer simulation in future program runs 
and also, in the second operating mode, any approach flight of 
the last program run can be reconstructed and printed out in 
detail down to each individual result of the action sequence. 

The mission-specific parameters (phase duration, timing of 
arrival at outer marker or decision minimum, runway visibility, 
timing of other events) can be read-in as fixed values or varied 
according to specified distributions. 

5.2.1 Simulation Program /46 

The simulation by means of the waiting-loop model selected 
in chapter 3 occurs in the subprograms 

CREW, CQS , STATUA, STATUQ , STATUS, UARR, USER, RANDUX, INF, 

AUS and EMOD. 

The principle of the waiting-loop simulation is illustrated 
in fig. 5.1 and was taken from the descriptions in /46/. It is 
assumed that the system is empty at the beginning of the simula- 
tion. After determination of the next arrival time of a task, 
the next event is determined through a comparison of the timing 
of the possible events. The simulation jumps ahead in time to 
this timepoint. 

Possible events are: 

-the occurrance of a task in the crew system 

-the completion of a task in channel 1 

-the completion of a task in channel 2 

-the end of the simulation 

-the completion of a joint task in both channels 
-the end of the simulation 

Upon arrival and completion of tasks, the quantities of 
state of the crew system are changed for the affected channels, 
in addition to a change in corresponding timepoints. These 
quantities of state are: 

-number of tasks in channel 1 

-number of tasks in loop 1 

-number of tasks in channel 2 

-number of tasks in loop 2 

-number of tasks in the entire system. 

Since for the discussion of the crew system, not only is 
the number of tasks important, but also which particular tasks 
are in the system already, as an additional quantity of state 
we added the "status" of a task. The identifying numbers appended 
to this quantity have the following meaning: 

Task is in the supply file 
Task is in loop 1 

»l II II II 2 

" is being processed in channel 1 


STATUS 

n 


(task X) = 0 
= 1 
= 2 
= 3 


33 



= 4 Task is being processed in channel 2 

= 5 Task completed and is no longer in the system nor 
in the supply file 

= 6 Task in channel 1 or 2 was being completed, but 

was kicked back into the waiting loop by a priority 
task 

= 6 . 8 Corresponds to STATUS = 6, for tasks which have to be 
completed jointly by CMl and CM2. 

= 7 Task in loop 1 and 2 to be completed jointly 

= 8 Task in loop 1 and 2 is being completed jointly 

For the positioning or sequence of tasks in the two waiting 
loops, a quantity of state was also defined. 

Thus it is possible on the one hand to represent at any time 
of an event in the waiting loop system, the positions of all tasks 
present in the system. On the other hand, the status of all 
tasks, regardless of their position within or outside the system, 
can be represented. 

Tasks can be simulated which have to be completed by CMl 
and CM2 individually or simultaneously. 

The beginning of processing of such tasks becomes possible once 
CMl and CM2 are not busy. 

The simulation of the "absolute priority" of a task provides /48 
that the task presently being handled by the corresponding crew 
member, is set back into the waiting loop upon arrival of the 
task with absolute priority. The priority task is handled immediate- 
ly. If the reset task is to be handled by both pilots jointly, 
it is only set back into the processing channel in which the prior- 
ity task appears. The other crew member handles the "joint" 
task in the meantime (fig. 5.2). 

For the generation of between- times and processing times of 
tasks, the exponential, Erlang and normal distributions are avail- 
able as distribution forms. The values for the between-times and 
processing times were generated within the input limits in accord 
with the selected distribution. 

The program packet for simulation of the crew system is of 
modular design (see fig. 5.3). The core of the program packet is 
the new CQS program which specifies the time sequence of events 
in the crew system according to the principle shown in fig. 5.2 
and described above. All data of state is read at the beginning 
of the simulation from disc memory or is transferred to disc 
memory after the end of the simulation. Thus the simulation of 
a longer flight task can be broken down into small time intervals 
in which the number of possible activities and tasks remains con- 
stant or becomes smaller. 

Input values for the simulation are: Characteristic values for 
pilot tasks, type and duration of the desired operating phase, 
characteristic values for the arrival times of individual events 



(e.g. time of overflight of outer marker etc.) . 


Whereas the CWS program will determine only the time sequence 
of events and the quantitative quantities of state (length of 
waiting loops, number of tasks in the system), the subprograms 
take over the positioning of the tasks within the system, the 
determination of values for the timepoints of events and the 
determination of the effects of activities. 

The subprogram UARR determines for each task, in accord with 
the specified distribution function, the timing of its next occurr- 
ence in the crew system. By seeking the minimum of these time 
values, the timing of the next following task arrival and the 
task itself are determined. 

If the CQS program determines the next event to be the arrival 
of a task, then the STATUA program takes over the positioning of 
this task in the waiting-loop system. The classification in the 
processing channels as per the specified task division of the 
pilots is governed by the input of the variable "task type" (AT) . 
The ordering of tasks in the waiting loops is governed by the 
specified service discipline mentioned in sec. 4.1 (variable DISZ) . 

Before the task at the front of the loop can be taken over 
by the "pilot" for processing, the STATUQ program (fig. 26, 27) 
checks whether all prerequisites with regard to system status or 
other tasks have been fulfilled. 

In order to do this, the variables " task dependence" (AAZ) 
and "status dependence" (ZAZ) were introduced. If the task still 
cannot be processed, it is set to the end of the loop and the 
program moves all following tasks in the loop up by one place. 

The STATUS program (fig. 28, 29) finally, has the task of 
specifying the effects of pilot activities in the information 
file, provided they affect the following activity sequence; it 
must also calculate the new status of the tasks. 

The processing time for tasks is determined as per a preset 
time distribution in the USER program. 

Pilot overload due to the quantity of tasks to be executed 
is determined in the waiting-loop model on the basis of two 
criteria : 

If very many tasks are to be completed by the pilots in a 
certain time span, then a pile-up of tasks in the waiting loop 
is expected. The waiting loop is additionally filled because 
tasks arrive which cannot yet be processed due to their dependence 
on other tasks or events, or because they are set back by priority 
tasks. Thus the waiting time for a task in the loop can get so 
long that the task is not completed at a time in the flight when 
it is to have been completed according to the flight operations 
handbook. Thus, pilot or crew overload occurs such that the 
specified tasks cannot be completed within the given timeframe. 
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The subprogram KRIT performs a search for such overload-occurrences 
in the computer simulation. 

The second criterion for pilot overload is the simultaneous 
existence of the same task in the same processing channel of the 
model. For instance, tasks occurring at high frequency can stack 
up in the waiting loop if they are worked off only at a much 
slower rate. In this case a pilot overload is recognized by 
the simulation program when the number of units of the same task 
present in the system exceeds a limit specified in the main pro- 
gram (NUBL) . The level of this limit is 'a priori' impossible 
to specify in a plausible manner and will be determined during 
the computer simulation. 

The model developed in chapter 3 for pilot decision-making 
on continuation of the terminal approach is verified in the com- 
puter simulation of crew activities in the EMOD subprogram. In 
the computer simulation the landing decision is split into two 
stages which are handled as separate, but mutually dependent 
tasks ( f ig . 5.4). 

The first step is represented by task 11 (field in sight). 

It is processed by CM2 and represents the view of the copilot 
and identification of the runway. After computation of the 
present aircraft altitude from the time of task processing 
(calculation of the time span to set-down and assumption of an 
average descent rate of 700 ft/min) and specification of "visi- 
bility", the result is determined by the decision-making model 
developed in chapter 3. The decision is interpreted in the first 
stage by the statement "Field in sight" (for "land" decision) and 
as "no report" (neutral for "go around") . The arrival times of 
task 11 were determined from the arrival times of the call-out 
"field in sight" (chapter 4) . The second stage of decision-making 
is represented by the task 12 "landing decision." It is handled 
by CMl and is dependent on task 11. If in step one "field in 
sight" is noted, then the result in the second step is "land." 

If task 11 is the neutral result, then in task 12 after calcula- 
tion of altitude and visibility, the decision model is applied 
again. The determined decision is now interpreted directly as a 
"land" or "go around." 

5.2.2 Evaluation Programs 

The evaluation of the computer simulation takes place 
by means of the SIHIST program (table 5.1) . For each task the 
histograms, average values and variance of the following quan- 
tities are determined: 

-arrival time/or between-time 
-beginning of processing 
-end of processing 
-waiting time 
-duration of processing 
-time remaining 



The "time remaining" is the processing time of tasks which 
is left over at the end of the operating phase which could then 
be applied to the following operating phase. 

Furthermore, we determined: 

-duration of operating phases (desired value) 

-actual duration of the simulated operating phases 
-workload on CMl 
-workload on CM2 

-frequency of overloads keyed by causes. 

The actual duration of the simulated operating phases deviates 
from the desired value due to termination of the simulation once 
the pilot is overloaded. 

The workload on the pilots is defined as the ratio of the busy 
time to free time in percent. 

As a result of the computer simulation, the histograms of /52 

the number of values, linear average and variance were determined 
for the following quantities: 

a) Arrival time, beginning of processing, end of processing 
(for once-only tasks) 

b) Between- time (for repeat tasks) 

c) Waiting time, processing time and remaining time (for all 
tasks) . 

Furthermore, the frequencies of crew overloads, keyed by 
causal tasks, were determined. To reconstruct the causes of 
the overloads, individual simulated approach flights can be 
repeated and printed out in detail. 

5.3 Results of the Computer Simulation /53 

The program packet for simulation of the pilot’s work 
sequence described in the preceeding sections was checked first 
for operating phase 1 on the computer (initial approach) . 

The input parameters relevant to operating phase 1 are shown 
in table 5.3. 


Based on the detailed printouts (see fig. 5.5) for various 
approaches, the correct function of the waiting-loop model was 
checked and validated in accord with the function principles 
described in sec. 5.2. Next, test series 1, operating phase 1, 
was implemented with 2000 approach flights. 

The operating time per phase was set to PHL = 235.5 here 
(average of phase duration measured on flight simulator) . 

As overload criterion we selected NUBL = 3 task units (see 
sec .5.2). 
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To determine the minimum number of flights to be performed 
in the computer simulation, a pre-investigation was performed. 

By using the USER and UARR program modules (generators for 
arrival and operating times) , the deviations from the mean of 
simulated arrival and processing time-distributions from a 
desired value were determined. The results are presented in 
figures 5.6 and 5.7. For all tasks there results a deviation 
of less than 5% from the mean for 500 values per measured quan- 
tity. This minimum number of measured values can be reached 
with 1000 simulated flights, given the constantly recurring 
tasks in the computer simulation. 

The events of the computer simulation are presented in 
tables 5.4 and 5.5. 

A comparison of the numbers of arrival time and beginning 
of processing shows that in 368 of 430 cases, the processing of 
task 4 does not begin in operating phase 1. 

The ratio of 62 actions in phase 1 to 368 actions in phase /54 
2 lies far below the specified probability of task frequency of 
task 4 of 28% in phase 1 or 72% in phase 2, respectively. An 
explanation here using the average, long waiting times, is 
possible. The "arrival times" of tasks measured on the simulator 
are simultaneously the beginning times of their processing. 

In the waiting-loop simulation, these two timepoints are not 
identical in the model. The resulting systematic error had not 
heretofore been taken into account in the method. 

The results of the computer simulation for task 4 are docu- 
mented in fig. 5.8. In a comparison of arrival times, beginning 
of processing and end of processing, the waiting and processing 
times are discernable even in an overview. The delayed arrival 
of the task in the timeframe of the operating phase leads to a 
small number of measured values for the operating duration (to- 
gether with the relatively long waiting times; small number of 
task completions within the operating phase) and to a large 
number of overlaps in phase 2 (time remaining). 

The crew overload events reported by the computer simulation 
are sometimes caused by the simulation program itself. For 
instance, we referred above to the large number of overloads 
due to task 4 (descent check) which can be attributed to a 
methodological error not taken into account in the method. The 
overload due to an increased number of tasks 8 and 13 in the 
waiting loop (NU3L >3) can also be attributed to the method. 

The processing discipline of task 8 (radio communications) 
could be reduced to DISZ=2. Thus, an immediate reaction of the 
pilots to radio inquiries would be simulated. For the processing 
descipline for task 13 (communication) , a similar solution would 
r be possible. Hov;ever, .a distinction would have to be made between 
additional (redundant) and action-related or time or event- 
dependent communication. 


38 



Such a distinction presumes a variation of the DISZ parameter 
in the simulation program during the test series which could only 
be achieved with considerable programming effort. 

6 . Summary and Outlook 

An optimum structuring of man-machine systems using analytical 
means requires an analytical description of human modes of action. 
In the case of flight management, this includes not only a con- 
sideration of the man-machine cooperation, but also a description 
of cooperation among the cockpit crew. 

As already explained in the problem section, the previous, 
empirical development of crew concepts is not sufficient for 
regulating the pilot's work organization, to prevent incorrect 
pilot actions with resulting flight accidents. In addition, 
modern technologies will cause a change in the work structure 
in future aircraft cockpits. 

The goal of the research project was to develop a system- 
theoretical procedure which could be used for cockpit-crew work- 
process structuring to check a selected work organization. The 
method should ensure a high-level of cooperation among the pilots 
and it should take into account the fact that the pilots under 
some circumstances will not behave in accord with specified pro- 
cedures . 

The procedure for development of this evaluation method 
initially provides for a description of the actions and decision- 
making processes in the cockpit by a computer simulation taking 
into account the work organization under study. The develop- 
ment of the method is limited to a discussion of a representative 
work organization and flight tasks. After validation of the 
descriptive forms, the crew performance of the computer simulation 
was made available to an evaluation method. 

In chapter 2, we first presented the parameters which affect 
the cooperation of pilots and the crew 1 s capability. This was 
compared to the primary structures and guidelines of existing 
crew concepts. From this comparison we worked out the require- 
ments of the developmental evaluation method and finally designed 
a procedure for development of the method. 

The factors affecting the crew performance named in section 
2.1 are: The number, composition, cooperation and organization of 
the pilots. Improvement of crew capabilities through individual 
cooperation and grouping of pilots is not possible in large airline 
companies. The potentials of aircraft owners to affect the coop- 
eration of their pilots is thus limited to a specification of 
the number, work organization and communication of crew members. 

Whereas the number of crew members depends primarily on the 
particular task profile and the resulting crew workload, a bal- 
anced workload on the individual crew members should be achieved 
through a selected work organization with a specification of 
cockpit work division. The flexibility of the pilots in the 



performance of their tasks should be adapted to the particular 
situations and work methods. The flexible structuring and coor- 
dination of cockpit activities requires the specification of 
communication guidelines in order to assure a precise transmittal 
of information, instructions and pertinent responsibility for 
actions . 

From the structures of existing crew concepts examined in 
sec. 2.2 it follows that the possibilities for affecting crew 
jobs are basically exhausted. 

A closed, systematic theorem for general work organization 
in the cockpit has only been given in one case. But for the 
capability and safety of the cockpit crew, the performance 
regulations derived from the general guidelines are critical. 

For example, from the proceeding discussion it can be 
concluded that a division of activities or responsibilities 
and the resultant interactive decision-making processes might 
lead to conflict situations between crew members. 

Covering such conflict situations and the consequences 
on the flight command process and pilot work processes should be 
one of the goals of the developmental evaluation procedure. The 
method should also determine critical decisions and decision- 
makers as well as a time distribution of the workload of the 
individual crew members. 

From the preselection of theories and descriptive forms for 
the evaluation process (chapter 3) the waiting-loop theory, 
fuzzy set theory, iteration matrix and time-line analyses were 
determined to broaden the investigation. The time-line analysis 
is already used for the empirical development and evaluation of 
crew concepts. Its task analysis for determination of individual 
crew activities should also be applied to the evaluation method 
under development here. 

By using the waiting-loop theory, information on the structur 
ing of similar tasks has already been developed. 

The use of the waiting-loop theory for a flight management 
task for describing the man-computer cooperation yielded results 
which indicate the theory's validity for the evaluation method. 

The possibilities for describing the decision-making process 
in the cockpit are limited by the vague process of human decision- 
making influenced by subjective criteria. 

The estimation of the influences of criteria or of decision- 
makers on a complex decision-making process can be described by 
using iteration matrices, but if the decision criteria are not 
known completely — as is the case for human decision-making — then 
other descriptive forms will have to be used. Under consideration 



of the imprecise human criteria for judgement, his subjective 
estimations or verbal statements, the fuzzy set theory offers 
a possibility for describing the decision-making process. 

The characteristics of crew activities discussed in chapter 
2 and the descriptive, forms examined in chapter 3 led to the 
development of the theorem presented in sec. 3.1 and 3.2 for 
describing the action sequences and decision-making processes 
in the cockpit. 

The handling of tasks and activities in a 2-man cockpit was 
simulated by a 2-channel waiting-loop system. The computer pro- 
grams already developed to describe the action sequence are 
presented in chapter 5 . 

Cockpit decision-making processes are simulated by indefinite 
evaluation functions which refer back to measurable decision-making 
criteria and which should take into account all subjective in- 
fluences on decision-making. 

The investigation of the operating theorem in a Monte- 
Carlo simulation required statistical data on the individual 
actions to be illustrated with regard to their frequency and 
processing times; this was obtained by measurements on a flight 
simulator. 

Analysis of the flight simulator data with regard to pilot ' 
decision-making was performed to determine the indefinite evalua- 
tion functions. 

Implementation of the tests on the flight simulator and 
in particular the extensive measurement instrumentation are 
described in sec. 4.1. We are dealing with the development of an 
overhead panel for the flight simulator which will permit a real 
execution and simultaneous monitoring of switching tasks and 
checklist work of the pilots. Furthermore, a visual task was 
■conceived which allows the pilots in the flight simulator to make 
the critical decision of termination or continuation of the land- 
ing procedure in terminal approach flight. 

The test series on the flight simulator was made up of 48 
approaches to 12 different German commercial airports (sec. 4.2). 
The weather and visibility conditions were varied, the test 
persons (2 pilots from Lufthansa) operated according to the rules 
of the crew Coordination Concept and other operating instructions 
of Lufthansa. For the evaluation, the approaches were divided 
into operating phases: "Initial Approach," "Holding/Approach" and 
"Final." 

For each pilot task, the arrival times and processing times 
were measured. In addition, the arrival times of individual events 
important for pilot action sequences were determined. 
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The evaluation of the test series was composed of the deter- 
mination of characteristic values for the time profile of crew 
tasks (sec. 4.3), the determination of characteristic functions 
for the pilot's decision-making behavior (sec. 4.4), and the 
determination of functional relations of pilot tasks (sec. 4.5). 
The basis for the measurement of characteristic values of the 
action sequence was the definition of action units for which the 
parameters were to be determined. Based on the application of 
data for development of an evaluation method or computer simula- 
tion, the smallest possible, cohesive quantity of action units 
was viewed as expedient. Therefore, the individual actions of 
the pilots were combined into action groups, called tasks here. 

From the measurements on the flight simulator histograms 
were prepared for the processing time and the between- time (inter- 
arrival times) of the tasks (sec. 4.3). Furthermore, the histo- 
grams of arrival times of events of the flight sequence were 
determined as they related directly to the activity sequence in 
the cockpit. 

The task-specific parameters were determined separately by 
operating phases. Different-length operating phases on the 
flight simulator were taken into account by norming the arrival 
times to the phase duration. 

The determination of measured values took place through 
manual evaluation of the measurement protocol of flight simulator 
with subsequent input to the computer. 

For the input and processing of measured data a program- 
packet adapted to the needs of the test was produced. 

The determined histograms were adapted by model distribution 
densities. Based on the sometimes small number of measured values 
modifications of the histograms were needed with regard to the 
division and norming, in order to allow comparison with the model 
distribution densities according to definition. The adaptation 
was done on the computer by using a search algorithm with a speci- 
fied quadratic quality criterion. Models used were: the normal, 
exponential and Erlang-distribution densities. 

The characteristic values determined from the adaptation 
(shape and parameters of the distribution, average value and 
variance) are not significant for all tasks or measured quantities 
Within the framework of the development of the evaluation pro- 
cedure for crew concepts, a qualitative estimation of the para- 
meters was sufficient, however. Pilot decisions having a direct 
influence on the action sequence in the cockpit were examined 
using the example of decision-making on continuation or termina- 
tion of landing in terminal approach flight. 

For modelling the decision-making with a fuzzy set algorithm, 
evaluation functions (fuzzy companion functions) were needed for 
the individual alternatives of the decision-process. 



( '"'N Determination of these subjective evaluations for the alter- 

natives "landing" or "go around" took place through measurement 
of the objective criteria "visibility" and "altitude" and the 
corresponding decision of the pilot (sec. 4.4). 

Formation of the evaluation functions via the frequency /60 

of decision-results for specific visibility and altitude values 
led to a decision-model which correctly simulated in part the 
decisions measured on the flight simulator. This can also be 
attributed to a very small data base. The evaluation functions 
were therefore modified by additional assumptions which extra- 
polated the decision-behavior of the pilots from measured values 
to comparable situations. 

With the resulting decision model, a complete agreement with 
decisions measured on the flight simulator was achieved. Besides 
the characteristic values for the chronological action sequence and 
the evaluation functions for the decision model, we also need 
parameters — in order to simulate crew activities on the computer — 
which describe the functional task-sequence i-n the waiting-loop 
model (sec. 4.5). We are dealing here with the allocation of 
tasks to the pilots, their time and functional dependencies on 
events of the flight sequence, or on other tasks, and with task 
priorities. These parameters were determined from the flight 
handbooks and were specified for the individual tasks according 
to the operating phase. 

As the basis for the crew-concept evaluation method, a Fortran 
program was prepared for simulation of the activity profile. The 
program is based on the descriptive forms selected in chapter 3. 

The following program requirements were taken into account 
in developing the program packet into a working part of the eval- 
uation method (sec. 5.1) : 

The reason for the computer simulation is to investigate 
the greatest-possible number of different situations and action 
sequences. Variation of the parameters should correspond to 
real conditions as much as possible. 

Critical situations which indicate pilot overload should be 
recognized. Critical situations are defined as a pile-up of 
units of the same task in the waiting loop. Moreover, it is a 
critical situation when a task is not completed within the alloted 
timeframe . 

In the case where such overloads occur, the computer /61 

simulation should allow a reconstruction of the corresponding 
action sequences to permit discovery of the reasons for the 
overload. 

The developed simulation program (sec. 5.2) provides for the 
simulation of 100 approach flights in one program run with sub- 
sequent statistical evaluation. Based on an overview printout, 
flights containing critical situations can be discovered. If 
necessary, a repeat of the simulation of selected flights is 
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possible, with a detailed printout of all changes of status in 
the waiting-loop model. 

By storing the internal status data of the model after each 
program run, the simulation of action sequences can be supplemented 
by an additional 100 approach flights. The data of the statistical 
evaluation is accumulated accordingly. 

The first test series run with computer simulation (sec. 

5.3) was performed for the "Initial Approach" operating phase 
and had the following objectives: 


-An estimation of the minimum number of needed simulated flights 
was to be discovered from a comparison of the specified dis- 
tributions of the task-parameters with the distributions result- 
ing from the Monte-Carlo simulation. 

-Based on detailed printouts for the changes in status in the 
waiting-loop model, a check was run on whether the simulated 
action sequences correspond to real (normative) principles of 
crew cooperation. 

The results after simulation of 2000 approach flights using 
random sampling, confirm the correct, normative or plausible 
functional operation of the waiting-loop simulation. 

In a statistical evaluation of the task-specific parameters 
a sufficient agreement of the specified distributions was found 
with the distributions of the simulated values. A fixed run with 
the appropriate program modules showed that the average values 
of the arrival and processing times of all tasks have an error 
of less than 5% after about 1000 simulated values. 

In the test series on the flight simulator the timepoints 
of beginning the activity and the duration of the activity were 
measured for the individual tasks. For the waiting-loop simula- 
tion, the parameters determined for the beginning of activity 
were used for the arrival times of tasks in the waiting-loop /62 

system. This allocation was selected since a unique arrival time 
cannot be measured or specified for all tasks measured on the 
simulator . 


n 


In the evaluation of the first simulation series it turned 
out that this allocation causes a significant, systematic error. 
Since in the waiting-loop simulation sometimes considerable wait- 
ing times for tasks result, the task processing is shifted far 
toward the end of the operating phase or even beyond it. From 
this result overload messages from the program and a change in 
specified processing probability for individual tasks for the 
operating phases which do not correspond to the circumstances 
measured on the simulator. 


44 



With the program packet for simulation and evaluation of the 
action sequence in the cockpit, the applicability of the waiting 
loop simulation as an integral part of the structuring process 
for crew concepts could now be determined. To validate the entire 
process, its application to a real crew concept had to be performed 
with a complete set of tasks or activities. 

The expected large programming effort for these interactions 
or temporal and functional dependencies of many single actions 
could be counteracted by the use of another programming language 
(like e.g. SAINT). Compared to other methods of development or 
testing the work sequence in the cockpit, with the waiting-loop 
simulation, functional relationships of work-organization rules 
and their effects on safety and performance of the crew can be 
evaluated in any large number of situations. Thus, a meaningful 
use of the method in structuring the work processes of cockpit 
crews can be anticipated. 
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Fig. 1: Procedure for the Development of an Evaluation Method 
for Crew Concepts 
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Fig. 2.1: Influences on the Capability of the Cockpit Crew 

Key: 1-crew performance 2-cockpit systems; display elements; display management; 

control elements; level or automation 3-work organization; task division; respon- 
sibility; communication 4-personal performance of individual crew members, psycho- 
physical factors; infor. processing; personality dynamics; motivation 
5-legal specifications; operating methods; procedures 
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Fig. 2.2: Basic Task Distribution of the Pilots /10/. 
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Fig. 2.3: Basic Task Distribution for tho Pilots from /6/ 
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2.4: Different Potential Applications of Crew Concepts with the Same Role Division 
(for terminal approach) 

1-activity 2-role 3-approach by instruments 4-read off altitude and call-outs 
5-seek visual contact with runway 6-report F.I.S. or DII/MDA 7-landing decision 
8-continue visual approach 9-catcgory 
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Fig. 3.1: Representation of the Crew System as a Waiting Loop Problem 

Key: 1-supply file 2-task class 3— waiting loop 4— info, on overall 
system and processing status of the tasks 5— crew system 
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Fig. 3.2: Input Parameters of the Crew Simulation Model 

Key: 1-function-specific 2-task-specif ic 3-decision parameters 4-task 5-procedure 

6-allocate task to crew member 7-form and characteristics of arrival-time distribu- 
tion 8-form and characteristics of arrival-time distribution of individual events 
9-form and characteristics of the distribution of decision timepoints 10-dependence 
of tasks 11-form and characteristics of the distribution of processing time 

12- input quantities and result of the decision (to determine the decision model) 

13- task priority 14-dcpendcnce on events 





Fig. 3.3: Representation of the Critical Decision in Final 
Approach as a Decision Matrix from /3/. 

Key: 1-subjective valuations 2-decision matrix 3-alternatives 
4-land 5-visibility 6-altitude 7-criteria 8-decision 
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c) Bedien " und Uberwachungseinhei: Instructor'Station 


Fig. 4.1: Overhead Panel with Control & Monitoring Units 

Key: a) overall view b) Overhead panel c) control & monitoring 

unit, instructor station 
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- External Lighting 



Fig. 4.2: Overview of the Simulated Aircraft Systems Combined in 
the Overhead Panel 

Group A: Systems affect the simulation via the simulator program 
and are checked by the monitoring logic 

Group B: Systems are monitored only; no effect on the simulation 

Group C: Pure dummys 


Gruppe = group 


\„ 

Gruppe 1 

- Park Brake 
-PicundF/O NAV 

Gruppe II 

- Fuel Heat 

- Igniters 

- De-icing 

- Pitot Heot 


Fig. 4.3: Warning Lights in the Overhead Panel 


Group I : Triggered by appropriate signal from the simulation program 

Group II: Triggered by operating the pertinent 

panel . 


switch in the overhead 






Fig. 4.4: Qualitative Brightness Profile of the Runway Symbol 


Key: 1-control voltage 2-altitude above ground 
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Fig. 4.5: Block Diagram of the Sighting Task for Final Approach 

Key: 1-altitude H from radio altimeter 2-brightness-altitude profile line 3-control voltage 
for runway symbol 4-display of runway symbol 5-nearby lights 6-input parameters , 
7-and 8-noise generator 













Fig. 4.6: Block Diagram of Data Acquisition Unit 

Key: 1-observer 2-radio speech 3-plotter 4-tape 
recorder 5-navigation and aircraft data 6-clock 
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Tc.-ne, 15 


Fig. 4.7: Example of a Test Plan 

Key: 1-let Co-RMI fail due to C3 . Correct fault by pressing the CB 
2-visibility simulation 
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Fig. 4.8: Procedure for Storing and Evaluating the Test Data 

Key: 1-input of allocation, clock marks/real time (program ZZ) 

2- input of start and end marks of all tasks per test and phase 
(program DATEIN) ; calculation of DURATION and INTERARRIVAL 
time; tabular printout (program AU3) 

3- assign data file to time 

4- data file DAUER ZWZ 

5- compute histogram (program HIST) 

6- data file histogram values 

7- adaptation of distribution densities, identification of 
parameters (ANP program) 
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Fig. 4.9: List of Test Data Determined from the Measurement Records (fig. 2.5) 
(phase 3, 3rd approach to HNV 27 R) 

Key: 1-approach no. 2-test no. 3-flight phase 4-task 5-begin mark 6-end mark. 

7-begin time 8-end time 9-duration 10-interarrival time 11-descent on 

12-descent off 13-radio comm. 14-communications 
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Fig . 


4.11: Histogram, measured and adapted Distribution density using 
the example of the duration of task 2 from operating phase 2. 


Key: 1-histogram 2-measured distribution density 3-initial estima- 
tion for model distribution density 4-duration 5-adapted 
model distribution density 
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Fig. 4.12: Representation of the Simulation of 
the "Critical Decision" in landing . . . 
(text missing) . 




Key: 1-measured value h 
the runway (supply 

5- fuzzy evaluation 

6- fuzzy evaluation 

7- fuzzy evaluation 

8- fuzzy evaluation 

9- decision matrix 


for altitude above minimum 2-ineasured value u for visibility oJ 
voltage for runway symbol) 3-altitude 4-visibility 
function for alternative "land" based on altitude 
function for alternative "go around" based on altitude 
function for alternative "land" based on visibility 
function for alternative "go around" based on visibility 
10-alternatives 11-criteria 12-decision 


\D 









o 



u [v] i 

Spannung am 

Landebahr.- 

Symbol 


Fig. 13a: Fuzzy Evaluation Function for the Alternative "Land" 
based on the criterion "Visibility" 

Key: 1- voltage to the runway symbol 



Fig. 4.13b: Fuzzy Evaluation Function for the Alternative "Go 
around" based on the criterion "Visibility" 

Key: 1-voltage to the runway symbol 
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Fig. 4.14a: Fuzzy Evaluation Function for the Alternative "Land" 
based on the criterion "altitude" 

Altitude difference = present altitude - decision minimum 

Key: 1-altitude difference 



f — * — * — f — 
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Hohen- 

differcn: 
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Fig. 4.14b: Fuzzy Evaluation Function for the Alternative "Go Around" 
based on the criterion "Altitude" 

Altitude difference = present altitude - decision minimum 
Key: 1-altitude difference 
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1 Sichf 



Fig. 4.15: Representation of the Normative, Measured and Modeled 
Decisions plotted agianst the measurable (objective) 
Criteria 

(x decision for F.I.S. or CONTINUE on the simulator 
o decision for Go around on thesimulator) 

Key: 1-visibility 2-land 3-normative 4-decision limit of the 
fuzzy model 5-altitude difference 
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Fig. 5.1: Structure of the CQS Subprogram 


0 


0 


■) 


| Beg'rm der S‘myloti©n 



^ InUioKlieryng der Zvitondigr0Qen,WortescMongensyitem I«er 

. 

- 

3 Bcit*«pmung det necbiten Erelgniizeitpynkfei 





AnVunft clncrAyfqobe 


Deorbeityng elner Ayfgobe 
in Keoot I bec"de» 


Bearbeihmg etoer Ayfpob^* 
in Kg not 2 brcrde» 

LtJscben c Jer Aufgob* i m • 

Saltern ynd QTaTS) 

Anderyng der ZuitandjgfO.'Jcn 


Becrbeifyng elner flemoiruamen Aufgobe (belde KonOle) beendct 


ItJschen der Ayfgobo In* Q 

System ypd • (STATUS) 

ArnJervng dor ZuitondiQ'Often 

SpoIcKerung del f O 

Syilcm-Zvitondoi (IMP 

ouf. Mogne*ploff© 

Sind nocH Aufgabert Ift ^ 

— — 

den JcMa 
" n«/n*^ 

ngon / 

Tt " 

nyr (n Scblonge 1 

n 

nur In SeMonne 2 

n 

in b**den ScMenoen 


AufrUckcn der nScMten 
AUcob. (TfATUQ) 

oui ScMonge 1 / ^ 

AwfiUcVen det nOcbttcn 
Ayfnobe (5TATUQ) 

oyi ScMo^ge 2 J £ 

Auf'Ucken der 
Ayfaobe (5TATUO) 

Owl ScMonge | 

Spoicberyng del 
Syfcm-Zvitondel QnO 
ouf Mognotplotto 

Spelcbcryng del 
Sy.»cm-Zy»iondci (INF) 
ouf Moijnttplollo 

AyfrUcVen d#r rflcbt’en 
AofjaU (fjAlyo) 

Out ScMonge 2 /£> 

D«ilinvnung dor 2^ 

(5M) 

Bearbeltwngjdauer 

Eeillmmung del 

CUSTB) 

Beorbellungidouer 

SpeUKcrung del 

5yitem-Zw**andet (JNF) 

ouf A^g^efploM* 



Bcilimmung der 2.0 

( uED 

Beorbel fungi douer 


End* 

d«f 

Simulation 


Einordnyng der Ayfgcbo In die ^ 
V/or*«icMcn;«^r>) yni {$fAT UA*) 

A der Zvttcndig'CEen • 


l(J:cben der Ayfgobo I m ^ 
S.yilern und C$TATU$) 

AnJcfyng der Zui»ond:g'tl(icn 


Spfitb«i<Vnj del ? 

S/i?e-»- 2b|ierJei (TnQ 

ouf /» f 4gne>ptctto 


Speicberung det / ^ 

5y.li.m- ZuitoncJci (InQ 

Out Wognelploll# 


Spelcberung del ^ ^ 

Syi»«m*Zutlandti (tNF ^ 

ouf MognelfJctte 


Ko»*ll Ayfgob* toiorf bno'bailQl 


S<nd nocK Ayfyiben In 


1*1 


Sind noch Ayfgobcn In 


n 


Auf^be rucV» rur 

Ito'teilung ouf 15" 

it 

/ne«n 

Aufdickon der nCcktten 
Au fvjbo (SfATUO) 

Oui Schlonge 1 f 

/ 

Ifl-IJL ~ -r: — 

AyffOcken det ntfcMten 
Aufnabe ("ST ATUQ^ 

ou* Schlongo 2 j ^ 

_ 

BeitJnrrvrg dee nQchifen Ayf- 
trlHixeitpvnkiei CUARfQ 

der gl«i<Ken Ayfgobo j Q 

Spcichenjng del 
5/i»em**Zui»ondci (i^F) 

owf Mognolplatl# 

SpeicKeryng del 
Syitcm*Zuitand«|‘ (INF^ 

ouf AAognerploMo 

_ 

Bcifimmyna der / O 

^ GSD 

(ial«! r ur gidouer 

OeilJ*nmyng dor J Q 

GJ1D 

B eodotf ungciiuuor 

- 



Key: 1-beginning of simulation 2-initializing of quantities of state, waiting loop system empty 
3-determination of next event timepoint 4-next event is 5-arrival of a task 6-processmg 
of a task in finished in channel 7-processing of a joint task (both channels) is finished 
8-placement of task into the wailing loop and change of quantities of state 9-cancel task in 
the system and change of quantities of state 10-storage of system status on magnetic disc 
1.1-can task be processed immediately? 12-are there still tasks in loop? 13-yes 14-no 
15- task moves up for processing lG-tlie next task moves up from loop 17-only in loop 1 (2) 

18-in both loops 19-determination of the next arrival time of the same task 20-determination 
of processing time 


-a 

u> 




Warteschlangen-System 2 Zeitpunkt 


n 



Fig. 5.2: Example of a Sequence of Actions in phase 3 with a "joint" 
pilots' task and a task of absolute priority. Representation of 
the fundamental operation of the waiting-loop model. 

Key: 1-waiting loop system 2-timepoint 3-waiting loops 
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' Fig. 


5.3: Structure of the Program Packet to Simulate the Action 
Sequences in the Cockpit in the Waiting Loop System 
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Fig. 5.4: Structure of the Subprogram EMOD (Simulation of the 
Landing decision on the computer in 2 stages) 

Key: 1-subprogram EMOD 2-transfer parameters: Input: Number of tasks 
3-timepoint 4-output: Decision 5-task no. 6-task 7-step 
8-determination of present alt. and visibility 9-decision of 
step 1; 10-determination of eval. numbers HL, HG, SL, SG from 
the functions 11-determin. of eval. numbers 12-seek maximum 
in decision matrix 13-result 14-land 


r> 
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Fig. 5.5: Detailed Printout of the Simulation Program (Excerpt for an event timepoint) 

Task 3 = begin descent; task 7 = change rudder; task 13 = communication 

Key: 1-timing of the next event of the simulation 2-event 3-output of UP 4-timing of the 

output system status 5-id. for status of tasks (see page..) 6-remaining processing time 
for kicked-back tasks 7-task waiting loop for CMl; 8-task waiting loop for CM2 
9-unit 10-unit number 11-processing end for CMl; 12-processing end for CM2; 

13-channel 14-duration of the simulation 
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Fig. 5.6: Deviation of the Average XM from the Desired Value of the Distribution for the 
Simulated Processing Duration Plotted Against the Number of Measured Values N. 


Key: 1-for 2-task 
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Fig. 5.7: Deviation of the Average Value XM from the Desired Value of the Distribution for 
the Simulated Interarrival time Plotted Against the Number of Measured Values N 

Key: 1-for 2-task 
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Fig. 5.8: Histogram for the Event Times of Task 4 (Approach Check) from Computer Simulation 
(test series 1) 
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*Explanation of data on visibility conditions "H/P" 

H = alt. in ft above ground where the runway symbol is to attain 
max. brightness 

P = parameter for qual. description of brightness change of runway 
symbol when approaching runway 

P = 0: Slow increase; P = 1: Moderate Increase; P = 2: Fast increase 
Key: 1-approach no. 2-to airport/runway 3-type of approach 4-visibility 
conditions 5-ATIS id. 
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Table 4.2: Test Plan for Approaches for the Flight Simulator Test 
C'’ Series 
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contact HAM Appr. on 123.60 

•* - 





reaching HTf ND5 




AT? 

1. Konlokl 

Proceed to ELK VO*, WJing 






3500 feet, report reaching EIE£ 




A?? 

Report ELK 

cleared for NDS-Approod* RV/Y-05, 






wind ICO, 5 knot*, tiiliH'ty 3 km. 






RVR 6 km, clo«di 2 ocjo 1000, T»5, 


• - 




DP *3, ONH *1024 



• • 

. AP? 

leovlng ELEE 

contact HAM TV/* on 123. 85 when 





/• 

established **""*■ 




TVV2 

1. KontoktO 

Nr. 1 on find, report reaching OM, 






ONH 1024 




TWZ 

MM 

cleared to land 



BMN 27 

COR 

1. Kontckt^ 

Descend and maintain 3300, contact 

•*. 


(2) 


ft 

APPR on 125.65 reaches 8MN-ND3 




At? 

1. Kontokl* 

cleared for holding, descend to 250(3 




A?? 

Holding 

cleored for VOR -Approach KV/Y 27, . 





1. Konloi$ 

QNM 993, contact TVV* co 1)8.3 


1 

l 


TW2 

cleared to land, wind 21(^25, 


j 




QNH 993 


I 



. ? 


# 

- 

HA/A 23 

012 

l. Kontokt* 

Descend ond malntoin 53C0, contact 


- m . 

(3) 


■ ? 

APPR 121.25 reaching KTf 


• 1 

* 

A?? 

J. Konlokr 

Hold above Hamburg VC*, descend 


! 

* 


' * 

and maintain 40CO 


j. 

. 

AS? 

Holding 

cleared for 1LS -Approach RV/Y 23, 


• '• 

i 


ft 

contact Tower reoching CM 


" . | 

i 

TW2 

1. KontoktO 

Nr. 1 on final, ONH 1005, report 







field in tight, wind lu/25-35 

l 



TW2 

Missed A ppr. 

Follow missed cpprocch procedure. 


i 




contact Approach on 121.25 


i 

KNV 27 It 

01* 

I. Kcntokt ? 

Descend ond maintain 2CCQ, contact 


- i 

(4) 



APPR reoching 2GG0, CNtl 990 


j 


AP? 

1 . Kontokt ^ 

cleared for Holding, woetofn 20CO 


1. 


AP? 

Holding 

cleared fer HS-Approods RWY 27 R, 

• 





contact TWR when ett&dlshed 


* 




# 

leovirg 

Co-RMI Jurch , 



— 


Holding 

Circuit -Breaker U 




• % * 


Out fallen lessen. 


. 




dorcH DrOcken d« 



c 

r . 


CO wiedcr Funkiio* 


TVrt 

1 • Kontokt T 

Nr. 2 on final, wind 13yi0^ONH 990 



— 

Tva 

MM ' 

cleored to land 



CCN 32 R 

oa 

1 . Kontokt ^ 

Descend and maintain 4X0 


f 

(S) 

Olt 

1 coving CMH 

Report reaching COIA V 




012 

Inbound COLA 

clo.ircj for IlS-Apjvooci IWY jit, ONH W3, 

• 


-'•S' 



contact Tower when citscJIiHcd 


\ 


rm 

« toll, on IOC 

Nr. 1 on flnol ond doored to land. 



, 



winJ 270/05 




TW2 

Mined Appf. 

contact OiR 

_ 



Key: 1-destination airport/runway (test no.) 2-from 3-time 4-instruc 
tion 5-content 6-events 7-type 3-contact 9-have Co-RMI fail due 
to circuit breaker, reinstate by pressing the CB 


82 



Table 4.2 (Continued) 




Zldnughofei/RWY 


^Anwdtung 


Beionder* Vorlcommnlut^ 

(Yersuch Nr.) ^ 

VOn 

Zdt- 

’■ 

.c. 

Inboll 

2.1^ 

Art *y 

DUS 04 

012 

1. Konlott^ 

Descend ond molnia'n COO 



(6) 

012 

inbound EOT 
1. KooloSl^ 

cteoreJ for VCR-Approcdi RVTY 05, contoct 
1WR reochlng DU5 NOS 


. 


TWX 

Nr. 1 on final, cleared to tood, wind. calm \ 


• 

CGN 14 L 

012 

<? 

1. KonloVt^ 

Descend end maintain SCC0, its Holding Y/YP 
descend to 3C00 



(7) 



• 

Inb. V/VP 

Engine oyerheof, * 
EGT t , N2 l. 


012 

- Holding 

A* 

cleared for IL$-Approod» W/Y Id L, 

QNH * 1015, contact 7*VR when established 




TV/2 

1, KonioVt* 

Nr.*l on find, wind 19(^25 




TWX 

mm • 

cleared to lond 



DUS 24 

DIR 

1. KonfoLf^ 

Descend to 2CC0, Holing BAM, report ot BAM 



(«) 

Dll 

Holding * 

ft 

cleared for N03 Approach RWY 24, QNH 1019, 
coniod TWR on finol 


• , 


TWR 

1. KonloVtl* 

Nr. 2 on finol, report ct DOiscIdorf U NOB 

Inbound 

. > 

CB ADI ven 


- 



11 NOB 

Copt, cusfalleft 

■ , 



_____ • 


las ten, rvichf 




• • 


zu beheben 


m 

bci H-500 

cleared to lond, wind 2i£/\S 


■ 

TOf 27 t 

AT? 

1. KonloVt^ 

Oescend ond maintain 5C00 

* 

t 

(9) 

APP 

Inbound TOF 
1. Konto!c$ 

Cleared for VO yDME -Approach RWY 27 t, 
descend to 2CC0, report 2900, QNH 1025, 
contocl TY/ft reochlng TCP VOR 


1 


TY.X 

Nr. 2 on finol, report when established (on 
center line) 1 





m 

on 'center lino 

cleared to land, wind calm 

• 


TGL 08 l. ‘ 

APP 

I. Kontokt^ 

deored for Holding NIcOER, descend to 
2000, QNH ICC? 


i 

i 

1 

00) 




Inbound 

: 


• 


• 

NIEDW 

Pitot Idng 


AF? 

Holding 

deored for ll$-Apprccch CAT, II RWY C9 l, 

ATI 3 Information MIKE: Wind 07C/03, CMH 
100?, Temp. 5, Dew ?. 3, contact Airport 116,70 



. 


r) 

when established 


• 


TV« 

1. Konlolt^ 

cleared to lond, wind C?0/C3, QNH 100? 



TOF 09 It 

AT? 

<? 

1. KontoVt 

descend ond maintain ZC00, QNH 1004 



Ol) 

AT? 

Job. FAHLAND 
I. KentoWt^ 

cleared for DVOR-Aec'occh R\YY 0? R, contact 
TV«R 113.10 reaching HVL 





m 

deored to land, wind 12C/05 


* 

TGI 21 l 
(12) 

AT? 

1. KonloVt^ 

descend ond molnioi* 4C03, proceed to HVL* 
VOR, 'QNH 1C03, r W ! HVL 



AT? 

inbound HVL 
q 

descend to X00, clrc-rd for IlSvNppreach RV/Y 
2d L, Contact IWR t 17.70 when established 



; 


m 

I. K©fttokl® 

Nr. 1 on final, deored to land, wind 19^0? 

on center 

f? 2 ?sl engine 

. 




lino 

Ovcrhcnt, out 

< 




on center 

lLS-Aneelgo r»" 





lin» 

tot) cu stall on i 




. 


Utwi 1 Q 1 


r> 


Key: 1-dest. airport/rwy (test no.) 2-from 3-time 4-instr. 5-content 
6-events 7-type 8-contact 9-have Captain cause failure of ADI 
circuit breaker, do not correct 10-have ILS display (pilot) 
failure 
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Table 4.3: List of Crew Activities Determined on the Simulator and 
their Summary into Task Groups 




AUFGABE 1 


BCBicscaatioaiBnoea 


ATI S 4 
ABHOEREH 


S I HKFLUG 
E IHLEI TEH 


S INKFLUG 8 
BEENDEN 


APPROACH 

CHECK 


FIHAL 

CHECK 


APPROACH 

BRIEFING 


■FIELD 
IN SIGHT" 


LANDEENT- 
SCHE I DUNG 


14 


HR 


11 


12 


I 

AUFTRETEH IN „ I 
PHASE NR. 2 I 


2UGEH0ERI GE 
EINZELTAETIGKE ITEH 


1 

3 I 


1 „ ' I 

CH2: 5 

FREOUENZ UND AUDIOKANAL 
El NSTcLi.E N ; NACHRICHT 
HOEREN; HOTIZEN HACHEM; 
AUDIOKANAL ABSCHALTEH 


1/2/ 3 


CM 1 : 6 

AUTOPILOT AUSSCHALTEH 
HOEHENRUDER UND 
TRIMMUHG BETaET IGEH ; 
GAS U EG HE H HEN; 
VARIOMETER BEOBACHTEN 


I CHI: 9 

I VARIOMETER BEOBACHTEN; 
1/2/3 I HOEHENRUDER UND 

I TRIMMUHG BETHETIGEN; 

I GAS GEBEH; 

I AUTOPILOT El HSCHALT EH 


1/2 


10 


10 


2/3 


I CH2. 

I CHECKLISTE LAUT LESEN; 

I HOEREH DER ANTUORTEN; 

I SCHALTER BETAET IGEH 
I C M 1 : 

I REAGIEREH AIJF CHECK- 
I LI ST E HIT AHTHORT EH 
I UHD SCHALTERBETKETIGUHG 
I 


11 


1/2 


I CM 1 1 

I LESEN UHD LAUTES ER- 
I KLAEP.EN DES ANFLUGES 
I CM2.- 

I HOEREH; HOTIZEH MACH EH 
.1 


I CM2, 12 

I A'JFSUCHEH DES SICHTKOH- 
I TAKTES 2UR RUY ; 

I HELDUHG "FIS" UHD 
I UHCEFAEHRE POSITION 
.1 — 


13 


I CM 1 

I VERGLEICH HOEHE/ENT- 
I SCHE I DUHGS-il INI MUM 


’COHT I HUE " BZU. 
I "GO AROUND" 

.1 


CM 2 • 

CHECKLISTE LAUT LESEH; 
HOEREH DER ANTUORTEN; I 

SCHALTER BETAETIGEN I 

CM 1 1 I 

I REAGIEREN AUF CHECK- I 

I LISTE HIT ANTUORTEN I 

I UND SCHALTER3ETAETIGUNC I 

.1 I 

I 
1 
I 
I 
I 
I 
I 
I 

T 

.i 

i 
i 
i 
i 
i 
i 

.1 

i 
i 
i 
i 
i 
i 
.1 
i 
i 
i 
i 


EHTSCHE I DUNG UND AUSRUF I 


G = 
O CD 
•H G 
4J G 

CD -H -H 

(D cd -P 

o c 
Cl o 
u 

• “ 

x 

O 4-1 
Cl G 
CL O 
CL I 
(Tj r— I 
- r— 1 

Ct n) 
CD G O 

4-> rt5 
CD TJ 

•H = C 

H U1 IS 


4-) 

o 

G 


CD 

4Z 

rtj 

e 


•- U-i 
TJ : 
G 

O 4-> 


, — I 
G 


G 

_ - O 
CL CD -H 
CD TJ CD 
Cl 


-rl 

•' O 

e <D 

CL >i G TJ 
S g 


•H Cn 
G G 

■r4 -H 


X , 

CD Cl 

TJ 45 
G 44 g t 
Id-H I G 
G (TJ 
O rH 
■rl I 


44 

45 

tji O CD V 


*H 
f— I 
44 


(TJ 

44 

G 


■H i — I 
O 
CD 


O TJ = 


O 


45 
O 

(TJ rH 4J 
O (tj r-H 
L 5 (S 
CL C/1 
CL -rl 
G > 


TJ 

G 

G 

O 

Sh 

G 


CD 
Cl O 
rcJ tn 


TJ 4Z CL = 
rtJ CD g 
CD CD 
Cl CD O 

I I I 

Horn 


O Cl 
O 


Key: 1-task 2-appears in phase no. 3-attendant single activities 
4-listen-in to ATIS 5-set freq. and audiochannel; listen to instr.; 
make notes; switch off audio. 6-switch off autopilot; operate 
airelon and trimming; shut off gas; watch variometer 7-begin 
i' descent 8-end descent 9-watch variometer; operate elevators and 

trimming; apply gas; switch on autopilot 10-read checklist aloud; 
listen to responses; operate switch; react to checklist with 
responses and switch operation 
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Table 4.3 (Continued) 





I 


1 


I 


I 


AUFCABE 1 

I 

HR 

I 

AUF7RETEN IH 

I 

ZUGEHOERI GE 3 

I 




I 


1 

PHASE HR. 2 

I 

EIH2ELTAE7IGKEI7EM 

I 


■■OM8BSCC=B 

m m m a s s 

a l 

■ a n 

I c 

css=:ssnc£3CE=: 

S3 £ 

n 

w 

= 1 




1 

I 


I 

I 


1 

I 

CHI- 5 

1 

I 


QUERLAGE 


I 


I 


I 

QUERLAGE BEOBACHTEH; 

1 


AEHDERN 


1 

1 6 

I 

1,2, 3 

I 

__I 

QUERP.UDER BE7AETI GEN 

I 

.1 




I 


I 


I 


I 




I 


I 


I 

CM2: 6 

I 


SPRECH- 


I 




I 

SPRECHFUHK DURCHFUEHREN 

I 


FUHK 

7 

I 

25 

I 

1,2,3 

I 

__I 

N07IZEN HA CHEN 

1 

.1 



8 

I 

I 


I 

I 


I 

I 

CM 1 : 9 

I 

I 



I 


I 


I 

KOHHAHDO GEBEIl ; 

I 


FAHRUERK 


I 


I 


I 

RUECK I1ELDUHG HOEREII 

I 


BETAETIGEH - - 

I 

27 

I 

2, 3 

I 

CM2: 

I 




I 


I 


I 

HEBEL BE7AE7IGEH; in 

i 




I 


I 


I 

LICH7ER BEOBACHTEN; u 

i 




I 


1 


I 

I 

RUECKHELBUNG GEBEN 

i 

i 




I 

1 


I 

1 


Z 

I 

CM 1 : q 

i 

i 



12 

I 


I 


I 

KOKH ANDO GEBEH; 9 

i 


KLAPPEH 

I 


I 


I 

RUECKHELBUNG HOEREH 

i 


BETAETIGEH 

I 

28 

I 

2, 3 

I 

CM2. 

i 




I 


I 


1 

HEBEL BETAE7IGEK; BEOB- 

I 




I 


I 


I 

ACHTEH DER NKCHrUEHRUNG; 

i 




I 




I 

RUECKHELBUNG GEBEH 11 

i 








,_I. 

i 


KOHMUHI- 

13 

I 


I 

I 


I 

I 

CHI UHD CH2; 14 

i 

i 


KATIOH 

I 

29 

I 

1,2,3 

I 

._I. 

HOEHREH UND SPRECHEN 

i. 

i 




I 


I 


I 


I 


GEWICHTE 

UHD 

I 


I 


I 

CH2: 15 

7 


CESCHUIHDIGKEI7 

I 

30 

I 

1,2 

I 

SCHREIBEH UHD- LESEH 

I 


BEST 1HKEH 

16 

I 

.1. 




1 

„_I 


I 

I 


Key: 1-task 2-appears in phase no. 3-attendant single activities 
4-change the bank 5-watch bank; operate aileron 6-perform 
radio speeck; make notes 7-radio speech 8-operate landing 
gear 9-give command, listen for response 10-operate lever, 
watch lights, give response 11-operate lever; watch the 
tracking, give response 12-operate flaps 13-communication 
14-listening and speaking 15-writing and reading 16-deter- 
mine weights and speed. 



Table 4.4: List of Non-Task-Specific Measured Quantities from the 
Test Series run on the Flight Simulator 




I 

I 

I 

I 

I 

i 

I 

I 

I 

l 

I 

l 

I 

I 

I 

I 

I 

I 

i 

l 

I 

I 

I 

I 

I 

l 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

l 

I 

I 

I 

I 

I 

I 

I 

I _ 


- 1 — 
- 2 — 
-3-- 
- 4 — 
-5~ 
- 6 -- 
- 7 — 

- 8 ~ 

-9~ 

-18- 

- 11 - 

- 12 - 


PHASEH-LAENGE < DAU£(R > 
ZEITPUHKT DES UEBERFLUCE3 OH 


2EI TPUNKT DES ERREICHEHS 

i 

l 

2EITPUHKT DES AUSRUFES 
2EITPUHKT DES AUSRUFES 
ZEITPUHKT DES AUSRUFES 


DH/MINXMiM ALTITUDE 
- FIS 


\ • 13 

> BZGL. T/D 


" CONTINUE 
" GO AROUND 


./ 

\ 


SPAHNUNG U AL8 HASS FUER DIE S I CHTBARKE IT 
DES LANDEBAHH -SYMBOLS < KOHTI NUI ERL 1 CH GEMESSEN> 

HEADING 

MILES TO TOUCH DOUH 
LOC/GP DEVIATION 

<TRlEBUERKSrtulFS*L E . ,T HnvfnullBLU> V0RK ° K " HIS9E 

ART UHD HAEFI GKE IT VON PILOTEN-FEHLERH 
— FEHLSCKALTUNCEH AM OVERHEAD-PENAL 
-- NICHT KORREKTE DURCHFUEHRUNG DER CHECKLISTEN 
-- FEKLERHAFT DURCHGEFUEHRTE FLUGVERFAHREN 


\ 


13 

B2GL. -3— 


Key: 1-phase length (duration) 2-timpoint of overflight OM 

3-timepoint of reaching DH/min. alt. 4-timepoint of call-out 
5-timepoint of call-out 6-timepoint of call-out 7-voltage U 
as a measure for the visibility of the runway symbol (meas- 
ured continually) 8-heading 9-miles to touch down 
10-LOC/GP deviation 11-type and timing of special events 
(engine failure, nav. failure) 12-type and frequence of 
pilot errors; wrong switch on overhead panel; incorrect 
execution of checklists; incorrect performance of flight 
procedures 13-with regard to 


\ 
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Table 4.5: Probability of Occurrance of Once-Only Tasks for the 
O Various Operating Phases {Determined from their frequency 

of occurrence in the test series) 






1 I I 

I AUFGA8E f I NAME 

I HR. . I 

Immmrnmmummmmm I« ........... 

I ! 1 

I 1' I AT IS 3 

I I ABHOEREN 


J ■ ma i 

i 

i 

i 

I m mm i 

I 

i 

i 

I m mm v 

I 

I 

I 

{ Mill 

I 

I 

I 

I times 

I 

I 

I 

I a ■■ a 

I 

I 

I 




i J icssecai 

I 

I DESCENT 
I CHECK 

I I BBCSBaaBI 

I 

I FINAL 
I CHECK 


I B 3 Q Kl ■ IB ■■ V VI 




I APPROACH 
I BRIEFING 


:o* 8 aa«aaa«i 


27 I GEAR 

I DOUH 

BCIRUIIE J a s :;ao 8 RRKiiiaii 

i 4 

28 I KLAPPEN 1 

I BETAETIGEH 

boiiivvv] naaaaBaoaBaBaBBB 

I LANDING HEIGHT 

38 I UND APPR. SPEED 

I BEST I MHEH S' 


i 2. 

I ^AUFTRITTS-UAHRSCHEINLICHKEIT FUER 
I PHASE l I PHASE 2 I PHASE 3 

iaaH(BMa>BBaBaBM«a [vaaaaBavDaaaal aaosnacaaonaa 

I .1 i \ 

I 1.0B I 0.80 I -0.00 

I I I 

ibri J aasRaBasaasss JaaaaaBcaacaaal nnaaaaB=3canv 

i i i 

I 0.28 I 0(72 I 0.00 

I I I 

ibbb J naaaaaaaaBBBa JaaaoBBcaBcaaBj aaiaaieBaaaaR 

i I i 

I 0. 00 I 8.18 I 0. 82 

I I I 

I aaaav vaaiaaiv JeaBaaaeanaaBvJ biiiiibbibrir 

i i i 

I 0.28 1 0.72 I 0.00 

I I I 

X >aaaaaaaaaaaR |aMaaaaaasa&0&I aaaaaaaadRBaa 

i i i 

I 8. 00 I 8.48 I 0. 52 

I I I 

IaagBaaaa>BMi[iiaipiiiBtigaIaieia>iieMtag 

I . I I 

I 0. 00 I 0.76 I 0. 24 

I I I 

laaaaaRNaaRaaiJaaaaaaaaaaaaalaaKKassBaBaaB 

I I I 

I 0. 53 I 0.471 0. 80 

I I I 


Key: 1-task no. 2-probability of occurrence for 
3-listen to ATIC 4-operate flaps 
5-determine landing weight and approx, speed. 


n 
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CO 

CO 


Pj 

cr 


7 




MMI H i f l K|. IM^HW H*' l i tl 


cn 


O 

< 

(D 

H 

< 

H- 

(D 

£ 

0 

l-h 

►d 

i-i 

0 

iQ 

id 

PJ 

3 

cn 

D 

ro 

< 

(D 

H 

0 

t 

(0 

P. 

Ml 

O 

id 


* 






1 1 
1 1 






i 

9 


1 

1 




1 

t 

- 

^1 
1 1 

“0 

c 

1 1 X 

X 

1 X 


X 

1 1 

m 

-o 

1 1 

3) 

G 


1 


1 

X 

IM 

z 

1 

r* 

1 l 

TO 

x 

I I ISI 

— * 

1 —4 


M 

1 1 

TO 

X 

1 1 

G 

DC 


1 


1 

c 

M 

X 

i 

X 

i l 

O 

X 

I i fn 

o 

1 O 


</> 

1 1 

cd 

x 

1 1 

CO 

CD 


1 


1 

m 


3 

i 

z 

1 i 

Cl 

, T5 

1 1 M 

-4 

1 


•H 

1 1 

2> 

w 

1 1 


X 


1 

• O 

1 

o 


m 

i 

X 

i l 

TO 


1 1 O 

m 

1 TJ 


X 

1 1 

—4 

X 

1 1 


—4 

1 ISJ 

1 

P3 

1 

X 


z 

i 

rc 

l i 

X 


1 1 X 





1 1 
1 1 


• —4 

1 1 
1 1 



1 CO 

1 

1 

CD 

1 

1 

-4 



1 

l 


1 i 
I l 

X 

X 

i 

1 1 





1 1 



I 1 




1 


1 




l 


1 i 

— 

I 

1 

I 

: 

I 

I 

—4 — * MM — 

m—hh 

!>■■« M— « — 

—4 

i 

i 

i 

i 

— • — « 

i 

i 

i 

I 

i 

’I 

I 

r 

i 

i 

r 

— « — 

MMM 

i 

l 

i 

i 

I 

i 

i 

i 

i 

i 

i 

«•- 

I: 

I 

1 

I 

I 

— « — « — • 

I 

I 

I 

I 

I 

i. 

i 

i 

i 

i. 

M M — » 


MM 

TO-CC 

t 1 

1 1 XIM 

XCO 

1 TJCD 


C-tDOD 

1 1 
1 1 

ram 

i cocD<m 

1 1 
1 1 

tD-4 

CDXZCOG 

1 CCOXCOG 

1 

1 

MO C 

• 

1 

xm 

<xm 

XX 

• 

i 

<om 

i • 

1 i 


»nzma 

i i sn 

cm 

i xm 


mxm 

1 1 

— « m — « 

mmo»-« 

1 1 

mx 

•-•CO MX 

I zmxmz 

I 

mpox 

1 

C.*-* 

OCw 

cc 

1 

no—* 

1 1 


3JP5T5 35C 

1 1 H 

TITO 

1 XP5 


CTO 

1 1 

CO XX 


I t 

TO CD 

mco;c»op? 

1 WTOTJTO-4 

1 

mdh 

1 

■tiz 

zcox 

-nco 

i 

mz 

1 i 


X-4X-4X 

1 1 xo 

Hm 

i om 


xmm 

1 1 

co r- 

m r- 

1 1 

m 

oxr*m 

i mxmm 

1 

Hmm 

1 

or 

t>r- 

ow 

1 

n.r 

l i 


zmwmz 

II IX 
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Key: 1-program 2-functions 3-for 4-read-in task names & storage on disc 5-printout & change of 
task names 6-read-in, store, revise, printout the allocations of clock marks to real time 
7-read-in clock marks from task begin and end 8-subprog, to order input data in chronological 
sequence 9-subprog, to calc, time values for begin & end marks; calc, duration and interarr. 
time 10-convert arrival times as per begin of op. phase, norming arr . time of selected tasks 
to the phase length 11- tabular output of test data 12-read-in, output & store op. phase begin 
& end per test, calc, phase duration 13-read-in & store arr. times of events 14-calc, histo- 
grams of duration and interarr. time per task & phase 15-calc, histog. for phase length 
16-calc, histog. for arr. times of events 17-prep, of histog. on X-Y-plotter 18-convert histog. 
into distr. densities, adapt model distr. density & param. id. 19-input & conversion of task- 
spec. data 20-input & conv. of event times 21-histog. calc. 22-adaptation 



Table 4.7A: Statistical Characteristics for the Processing Time of 
Tasks in Flight Operations Phase 1 (Initial Approach) 
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Table 4.7B: Statistical Characteristics for the Interarrival Time 
of Tasks in Flight Operations Phase 1 (Initial Approach) 

Key (to both tables) : 


1-task no. 2-number of values 
4-max. measured value 
6-variance 

8-estimated parameters 


3-min. measured value 
5-average value 
7-model distribution 
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Table 4.8A: Statistical Characteristics for the Processing Time of 
Tasks in Flight Operations Phase 2 (Holding/Approach) 
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Table 4.8B: Statistical Characteristics for the Interarrival Time 
of Tasks in Flight Operations Phase 2 (Holding/Approach) 


Key (to both tables) 
1-task no. 

3-measured value, min. 
5-average value 
7-model distribution 


2-number of values 
4-max. measured value 
6-variance 

8-estimated parameters 
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Table 4.9A: Statistical Characteristics for the Execution Time of 
Tasks in Flight Operations Phase 3 (Final) 
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Table 4.9B: Statistical Characteristics for the Interarrival Time 
of tasks in Flight Operations Phase 3 (Final) 


r' 


Key (to both tables) 
1-task no. 

3-min. measured value 
5-average value 
7-model distribution 


2-number of values 
4-max. measured value 
6-variance 

8-estimated parameters 
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Table 4.10: Statistical Characteristics for the Duration of 
the Flight Operations Phases 


[■•sasaasiyaiiaBlvaaaaiJiRavtfaalaBBaaaJ 

1/ PHASE HR I II 2131 

laaaxaaaaaaaaa {saaaas [ aaaaaa[ aaaaaa J 

II UERT-ANZAHL I 48 I 48 I 39 I 

I- 1 I 1 1 

I^MIN HESSUERTI 1.51 1.81 1.91 

I- 1 1 1 1 

bj HAX HESSUERTI 12.91 16.51 5.81 

ft j 1 1 I 

I5EHP KITTELU. I 3.91 ?. 81 3.61 

I- 1 1 1 1 

I(,EHP VARIAH2 I 7.31 12.21 8.91 

Iossaa3s8assa*]sas3SBjascassl3sssssI 

MMODELLVERT. I NORM I NORM I NORM I 

jl I I 1 1 

I r GESCHAETZTE I I I I 

I&PARAMETER. I I I I 

I PI . I -3. II 6. 21 3. 31 

I j 1 1 1 

I P2 I 24.01 11. 91 1. II 

I I 1 1 1 

ICMITTELUERT I 3.71 6.71 3.41 

I- 1 1 1 1 

IUVARIANZ I 5.01 9.11 8.81 

J mm BaBsaaiaasaJsaaasa [aiaaas^ aassna^ 


Key: 1-phase no. 2-no. of values 

3- min. measured value 

4- max. measured value 

5- average value 

6- variance 

7- model distribution 

8- estimated parameters 


Table 4.11: Statistical Characteristics for the Timing of Outer 

Marker (TOM) overflight, of reaching the Decision Alt. (TDH) and 
of Call-out "Continue" or "Go around" (TE2) and "Field in Sight 
( (TEl) . (All timepoints with respect to phase end) . 
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Key: 1-timepoint 

2- no. of values 

3- min. measured value 

4- max. measured value 

5- average value 

6- variance 

7- model distribution 

8- estimated parameters 
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Table 4.12: 


Parameters of the Tasks 


1 

for Function of 


3 

the Activity Sequence in the Cockpit 
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I I b I AUFCABEN 


1 . 


ATI s ; 
ABHOEREH *" 


1 

2 


PHF 


J 


KEIHE 


aaaBasBcaannBB 


ereichissenC 

B 833 QC 3 

j KEIHE 


VORRAHG VOR 
AHDEREH p 
AUFCABEM 4 


HEIN 


HAXIHALE • I l 

AUFTRITTS- I f\ 

ZAHL 9 I 


BEHERKUHGEH 


SIHKFLUG A 
EIHLEI TEH 


1 

2 

3 


PF 


a. 

AUFGABE 25 


j KEIHE 




ABSOLUTER 

VORRAHG 


SIHKFLUG /r° 
AUSLEI TEH 


1 

2 
3 


PF 


j KEIHE 


d 


KEIHE 


"’'aBSOLUTER 

VORRAHG 


DESCEHT + 

APPROACH 

CHECK 


1 

2 


PF ♦ PHF 


AUFGABE 30 
O- 


KEIHE 


HE I H 


FINAL 

CHECK 


PF + PHF 
PF + PHF 


a . 

AUFGABE 6 


I 
I 

I ^AUFGABE 27 
I 


-JtEEiSE. 


OUTER MARKER , 
UEBERFLOGEH ^ 


/< HEIN 

'k'he'Ih' 


I FINAL CHECK COUPLE 
I "EXCEPT FLAPS ♦ GE 

■I 

I AUFG.6 1ST BERE ITS p 
I PHASE 2 DURCHGEFUE I 


APPROACH 

BRIEFINC 


PF + PHF 
PF +"PHF* 


AUFGABE* 1 
I KEIHE 


J^KEIHE 
\y KEIHE 


HEIH 
JA~" 


yto 


I AUFG. 

I PHASE 

■ T 


BEREIT8 Ih 
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Key: a-task 

d-other tasks 

g-max. no. occurrences 

j-none 

m-absolute priority 
p-task 6 . . . . 


b-performed by 
e-events 
h-comments 
k-no 

n-end descent 

q-task 1 executed in phase 1 


c-dependent on 
f-priority over other tasks 
i-listen to ATIS 
1-begin descent 
o-overflight of OM 


VO 

U) 



Table 4.12 (Continued) 


.1 

"FIELD IN 
SIGHT" 

A ■ ' “• 

I 

I 

I 

3 

I 

I 

I 

PHF 

I KEINE 

I 

i *■ 

I 

KEIHE 

c. 

z> 

1 

* 

I 

I 

I 

;2 

LAHDEENT- (J. 
SCHE1DUHG 

I 

I 

I 

3 

I 

I 

I 

PHF 

I ^KEINE 
I 

"{" 7 

i 

KEIHE 

i u j « i 

1 

I 

I 

I 

1 6 

QUERLAGE C 
AEHDERH T 

I 

I 

I 

1 

2 

3 

I 

I 

I 

PF 

I * 

I o KEIHE 
I ^ 

i 

i * 

KEIHE 

i Labsoluter I 
I r VORRAHG I 

X 

I 

I 

I 

>5 


1 

1 

I 


I 

i 



4 

- — -I 


SPRECH- ^ 

I 

2 

I 

PHF 

I q KEIHE 
I 

T 

I a 

KEIHE , 

I la JA I_. 

6_ 

I 


FUHK 0 

I 

3 

I 


I 1 


2 I 

2? 

FAHRUERK L. 

BETAETICEN ^ 

I 

I 

I 

2 

3 

I 

I 

I 

._ T _ 

PHF 

I n 

I ^ KEIHE 
I 

t _ 

1 q 

I 

KEIHE 

I ft ABSOLUTER I 
I r VORRAHG 1 

1 

I 

I 

I 

28 

KLAPPEH 1 

BETAETICEN A 

I 

I 

2 

3 

I 

1 

I 

. _ T _ 

PHF 

I „ 

I ^ KEINE 
I 

i * 

KEIHE 

I ft ABSOLUTER I 
I > VORRAHG I 

1 

I 

I 

I 

29 

KOHMUN I- Jl 
K AT I OH fl 

I 

I 

I 


I 

I 

I 

PF + PHF 

I KEINE 

I 

1 ^ 

i 

i 

KEIHE 

I c I 

I NEIN I 

X 

I 

I 

I 

38 

nr LI T PUT * M6W 

I 

1 

I 

... T ~ 

PHF 

idlAUFGABE 1 

i q 

KEIHE 

I c NEIN I 

1 

I 


ulw i un i ▼ i inn i 

ONFLUGGEGCHU . h 

RTCT 1MMCU 

I 

T 

2 

I 

T 

PHF 

I n KEINE 
I CC 

T a 

KEIHE 

I O HEIN I 

1 

l 

I 

I 


Key: a-none 

d-task 1 
g-radio speech 
j -communication 
1-absolute priority 


b-yes . c-no 

e-landing decision f-change banking 

h-operate land, gear i-operate flaps 

k-determine weight and max. approach speed 
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Table 5.1: Program Packet for Computer Simulation and Evaluation of 
Action Sequences in the Cockpit 


[pconaaaal c = = Jnnnsacaaaaa: 


isaacansnaccassascQsan: 


HP I UP I 

aaaaiiiBx { a 
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■I 
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STATUS I BE I AUFRUECKEN EIHER AUFGABE IN 
I DER SCHLAHGE 
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I AENDEP.UHG DER 2UST ANDSGROESSEH 
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IAUS;T£XTI KONTROLLAUSDRUCKE <DATEN, TEXT) IJ I 


I* 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



cs 

1 3 


Z 



Ui 

tr 

C3 

ui 

<r 


C3 

CO 



-JZUi 

<ZZDZZ 

•-* 

U 1 


H* 

H 

<Z 

z 

« 




2 E 

O 


=> 

n 


n 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

■i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Key: 1-description 2-initialize and data input 3-updating the data 
file for storage of input data 4-updating the data file for 
storage of simulation results 5-read-in input data for crew 
6-read data from disc 7-write data on disc 8-simulation of 
action sequence in cockpit for variation of phase duration, 
task duration and arrival and event times 9-storage of 
simulation results 10-Control of action sequence 11-change 
the quantities of state upon arrival of a task in the crew 
system 12-change quantities of state upon advance of a 
task in the loop 13-change quantities of state upon exit of a 
task from the crew system 14-generation of task arrival times 
15-generation of task execution time 16-generation of uni- 
form distributed random quantity 17-control printouts (data, 
text) 18-simulation 
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Table 5.1 (Continued) 


I I INITI ALI SI ERUNG DER DATE H FILES I I 

I KIT 31 I I ZUR SPEICHERUNG BER H ISTOGRAMM- i I I 

I . I UERTE FUER PHASE 1-3 « I I 

1 1 - 1 I 

I I BERECHHUG SAEMTL ICHER HISTO- -I I 

SIHIST I I GRAMME DER VERSUCHSERGEBHISSE J.1 I 

I I AUS CREW UHD AESPE I CHERUHG DER 1 I 

I I HISTOGRAMMHERTE FUER JEDE PHASE I I 

1 1 --I I 

I I EIHLESEN DER SCHOH BERECHNETEN ? I I 

I READR I HISTOGRAHMyERTE * I j 

I I BERECHMUHG DER AUFGABEH- 0 I i o ! 

I ZEITEN I ABHAEHGIGEH ZEITEH ' I o z I 

I I I w = I 

I I BERECHHUNC DER AUFGABEH- I " t 1 

I HISTOG I ABHAEHGI CEH HISTOGRAM HE J I £ □ I 

I I I 3 I 

I I BERECHMUHG DER AUFGABEH- / I *- S 1 

I HIST02 I UNA8H AEMGI GEH HIST OCR AHME t I £ 2 I 

I 1 1 m I 

I I BERECHMUHG DES H ISTOGRAKMS - I I 

I HIST03 I FUER REST2EIT 7 I il I 

I 1 I t| I 

I I ABSPE I CHERH DER HISTOGRAM 11 UERTE I ' ' I 

I RECORD I VOH A UFGABEM ABHAEHGI GEN MERTEN 6 I I 

I I IH LATEHFILES 6 I I 

1 1 1 I 

I I PROGRAMM 2UM ZEICHNEH DER a I I 

SIZEI I I HISTOGRAMME A UP DEM PLOTTER J I I 

I I ~'U R T i S P ^ 0 G R A fi S ” 2 U R S T 1 0 1 R U H G ~ > yT ” I I 

I ZEICHA I DES PLOTTERS fO \ I 

I— I — I I 


Key: 1-updating of data file to store histogram values for phase 1-3 

2- calculate all histograms of the test results from crew and 
store histogram values for each phase 

3- read-in histogram values already calculated 

4- calculate task-dependent times 

5- calculate task-dependent histograms 

6- calculate task-independent histograms 

7- calculate the histogram for the remaining time 

8- store histogram values of task-dependent values in the 
data file 

9- program for drawing the histograms on the plotter 

10- subprogram to control the plotter 

11- statistical evaluation 
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NPH 


NAT 

NZU 


XQUER 

VAR 

PMIN 

PMAX 


Number of the operating phase 

Number of tasks in operating phase NPH 

Number of important events in the operating phase 

Parameters for Phase Length (Generation of phase 
length from normal distribution) 

Average value 
Variance 

. , of the phase length 

Minimum value c 3 

Maximum value 


I 

NUM(I) 
XIX(I) 
YIY(I) 
AT (I) 


AAZ (I) 
ZAZ (I) 
DISZ (I) 


ANZ (I) 
AWA ( I ) 


Task-Related Parameters 

Item number of tasks in the simulation program 

Id. number of task I from test series on flight simulator 

Base values of the random number generator for generation 
of execution and interarrival times for task I 

Identifier for allocation of tasks to a CM. 

AT=0 Task I can be executed by CM1 or CM2 

AT=1 Task I must be executed by CMl 

AT=2 Task I must be executed by CM2 

AT=3 Task I must be executed jointly by CMl and CM2 

Number of the task on which task I depends 

Number of the event on which task I depends 

Priority of the task simulated by processing discipline 

in the waiting loop system 

DISZ=0 First come first served discipline 

DISZ=1 Last come first served discipline 

DISZ=2 Absolute priority discipline 

Maximum number of occurrences for task I in the operating 
phase (o = no limit on occurrences) 

Probability of occurrence of task I in the operating phase 


Table 5.2: List of Input Parameters for Computer Simulation 



Table 5 


ARR ( I ) 


APA(I) 
APB ( I ) 

MIN (I) 
MAX ( I ) 
PBZ (I) 


SBR(I) 

SPA (I) 
SPB (I) 
SXQ 
MIN ( I j 
MAX (I) 


2 (Continued) 

Identifier for the form of distribution function for 

interarrival times of task I 

ARR=0 Exponential distribution 

ARR=1 Erlang distribution 

ARR=2 Normal distribution 

1st parameter of the distribution for interarrival times 
2nd parameter, if any, of the distribution for 
interarrival times 

Minimum value for interarrival times of task I 
Maximum value for interarrival times of task I 
Identifier for the phase reference of the task with 
respect to the interarrival time 
PBZ=0 No reference 

PBZ=1 Statement for ZWZ in percent of the phase length 
Identifier for the form of distribution function for 
execution time of task I 

1st parameter of the distribution for execution time 

2nd parameter, if any, of the distribution for execution time 

Linear average of the execution time 

Minimum value for execution time of task I 

Maximum value for processing time of task I 
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Table 5.3: Input Parameters of the Computer Simulation for 
Operating Phase 1 


I****************************** 

* * 

* CEIN 24-JUN-82 * 

* * 
****************************** 


IcREW-RECHNERSIMULATION MIT QUEUEING-SYSTEM 

Ifuer phase HR 1 


^GENERATION DER PHASENL AENGE NACH 

MORHALVERTEILUHGUMG 



UNIT XQUER= -3.07030 VAR= 24.33300 i 

PM IN= 1 

. 50800 

PM AX = 

12.94000 

i 'IS. 10, 

IF. ID. It): 

135 

723 387 

561 

0 




IS. 10, 

IF. ID. ItJ. 

841 

256 669 

411 

8 




NAT = 

14 NZU= 

0 







SAUFGABENR 1 

i nAOAMrTCD 

2 

3 

4 

5 

6 

7 

8 

//>PARAHETER 
' NUN I . 080 

2.030 

3. 080 

4. 080 

0. 000 

6. 080 

16.000 

25. 000 

XIX 

127.000 

29 1.000 

379. 808 

419. 000 

513. 830 

671 . 000 

739 . 000 

851. 088 

YIY 

135.000 

21 1 . OQ0 

381. 080 

443. 800 

533 . 000 

639.000 

795.000 

38 1 . 000 

AT 

2.000 

1 . 000 

1. 000 

3. 080 

0. 00 0 

3. 080 

1 . 600 

2 . eeo 

AAZ 

0.000 

0.000 

8. 080 

14. 000 

0. 000 

1.008 

0. 000 

0. ooo 

2AZ 

0. 000 

9. 000 

0. 000 

0. 00 0 

0. 00 0 

0. 000 

0. 000 

0. 8 80 

ARR 

2.000 

8. 000 

0. 080 

1. 880 

2. 000 

2.000 

0.000 

8. 000 

PBZ 

1. 080 

0.000 

0. 000 

1. 030 

1 . 000 

1 . 000 

8. 000 

0. 000 

SER 

2.000 

1 . 000 

1.880 

2. 000 

2. 000. 

0.008 

1 . 000 

1. 080 

DIS 

0.000 

2.0 00 

2. 000 

0. 08 0 

0.800 

0 . 080 

2 . COO 

1. 000 

APA 

0.320 

0. 930 

1. 030 

0. 228 

5 . 008 

6.410 

0. 920 

1. 038 

'■ APB 

0.098 

0. 000 

0. 080 

3. 030 

0.001 

5.970 

0 . 000 

0. 000 

KIN 

0. 000 

8. 000 

0. 030 

0. 001 

4.000 

0.001 

0 . 033 

0.0 10 

MAX 

0. 878 

6 . 440 

- 6. 490 

8. 9«0 

6. 000 

0.910 

5 . 920 

4. 990 

• SPA 

38.620 

0.118 

0. 108 

39. 030 

0. 000 

0.017 

0.120 

8. 0 90 

SPB 

131.240 

2.000 

2. 008 

636. 600 

0 . 80 1 

0.000 

2. 088 

2. 0 00 

SXQ 

38.848 

3.450 

9. 190 

43. 920 

0.000 

43.150 

7.810 

’ 10.3 50 

- ' MIN 

- 14. 283 

1 . 440 

1. 440 • 

19. 250 

•8. 800 

10.620 

1.448 

1.880 

MAX 

85. 080 

36. 000 

37. 930 

75. 420 

0. 001 

103. 920 

33. 760 

57. 240 

ANZ 

1.000 

8.000 

0. 0 00 

1. 030 

1 . 080 

1 . 000 

0 . 089 

4. 080 

ftUA 

1.003 

1.000 

1. 008 

0. 280 

0. 008 

0.280 

1 . 080 

1. 000 

S AUFGABENR 9 

10 

11 

12 

13 

14 

15 

16 

{.PARAMETER 

HUH 0.8 0 0' 

0.000 

0. 008 

0. 800 

29. 000 

30. 000 



. . xix--. 

973.009 

913. 000 

953. 008 

871. 000 

714 . 008 

602.008 



YIY 

989. 00O 

365.000 

917. 000 

831. 800 

754 . 888 

693 .008 



. AT 

0.000 

0.000 

0. 000 

0. 050 

3. 000 

2.000 



AA2 

. 0.000 

0. 000 

0. 000 

0. 030 

0. 03 0 

1 . 000 



• ZA2 

0.000 

0 . 000 

8. 000 

0. 888 

0. 000 

0.000 



ARR 

2.008 

2. 000 

2. 000 

2 . eao 

1 . 000 

2. 000 



PBZ 

1.000 

1 . 000 

1. 000 

1. 8B8 

0. 000 

1.000 



- • SER 

2.000 

2. 080 

2. 000 

2. 008 

0. 008 

0.000 



- DIS 

0. 000 

0.080 

0. 000 

0. 008 

0. 000 

0.008 



APA 

5.000 

5.000 

5. 080 

5. 000 

0. 388 

0.338 



APB 

0.001 

0.001 

0. 881 

0. 081 

2. 008 

0.460 



MIN 

4.000 

4.000 

4. 080 

4. 08 0 

0. 040 

0. 000 



MAX 

6.000 

6. 000 

— 6. 080 

6. 080 

4. 678 

0.940 



SPA 

0.000 

0.000 

0. 000 

0. 833 

0. 852 

0. 020 



SPB 

0. 001 

0. 001 

0. 801 

0. 00 1 

0 . 008 

0.000 



SXQ 

0.080 

0.000 

0. 080 

o. eeo 

15. 420 

34. 470 



MIN 

0. 008 

0.000 

0. 000 

0. eoo 

0. 968 

14.400 



MAX 

0.001 

0.001 

0. 081 

a. eoi 

70. 320 

65.040 



ANZ 

1. 000 

1 . 000 

1. 800 

1. 800 

0. 000 

1 . 000 



AUA 

.... 0.000 

0.000 

8. 000 

0 . eao 

1. 008 

0.530 




TZU 999.000 

Key: 1-crew computer simulation with queueing system 

2- for phase no. 1 

3- generation of phase length from normal distribution 

4- with 

5- task no. 

6- parameter 



Table 5.4: Results of the Computer Simulation from Test Series 1 


n 






^VERSUCHSREIHE HR. 1 PHASE HR. 1 ^ANZAHL DER VERSUCHE. 2080 


DAUFC. HR 

I 

PARAMETER 


i 

HCES 

I 

XMIH 

I 

XHAX 

1 

XQUER 

1 

SIGMQ 


1 

I -AUFTRI TTSZE 1 T 

1 


1904 

1 

0. 00 

I 

248. 08 

1 

70. 15 

I 

442. 47 


i 


BEAR9EITUHCSBECINN 1 


1732 

I 

0. 00 

I 

248. BO 

I 

82. 40 

I 

1141. 11 




BEAR BE I TUHGSEHDE 

3 


1549 

1 

0. 80 

I 

, 240. 00 

I 

127. 23 

I 

1224. 93 


i 


UARTEZEIT 

H 


763 

I 

8. 00 

I 

1 240 00 

I 

23. 93 

1 

033. 60 


l 


BEARBEITUHGSDAUER 

S 


1549 

1 

14. 29 

1 

85. 08 

I 

46. 19 

I 

427. 35 


l 


REST2E IT 

u 


353 

I 

14. 28 

I 

85. 09 

I 

36. 95 

I 

29. 84 


l 


2UISCHEIIZEIT 

n 


e 

.1 

0. 00 

! 

0. 00 

I 

8. 00 

1 

0. 00 


2 


AUFTRI TTSZE IT 



3273 

I 

0. 00 

i 

240. 00 

I 

101. 61 

I 

4293. 53 


2 


BEARBEITUUGS8EGIHH 



5273 

I 

0. 00 

i 

240. DO 

I 

101.61 

I 

4293. 53 


2 


BEuRBE ITUIIGSEHDE 



4753 

I 

0. 00 

i 

240.00 

I 

107. 21 

1 

4027. 71 


2 


URRTEZEIT 



1254 

I 

0. 00 

i 

240. 00 

I 

5. 51 

I 

96. 35 


2 


BEARBEITUHGSDAUER 



4753 

1 

1. 44 

i 

3b. 00 

I 

7. 36 

* 

4 

33. 89 


2 . 


RESIZE I T 



52B 

1 

I. 44 

i 

36. 00 

I 

9. 37 

I 

60. 40 


2 


ZUISCHEH2EIT 



3651 

1 

0. 00 

i 

3B6. 40 

I 

37. 39 

I 

1533. 35 


3 


AUFTRI TTSZE IT 



6B24 

! 

0. 00 

i 

249. 00 

I 

104. 35 

I 

4951. 18 


3 


BEARSEITU.MGS3EGIHH 



6024 

I 

0. 00 

i 

240. 30 

I 

104. 39 

I 

4051. 19 


3 


BEAP.QE ITUilGSEHDE 



3420 

1 

0. 00 

i 

240. BO 

I 

110.49 

I 

3741. 33 


3 

r-URRTEEEIT 



1401 

1 

0. 00 

i 

243. 00 

I 

5. 45 

I 

90. 75 


3 

1 

BEARBEITUHGSDAUER 



5420 

1 

1. 44 

i 

37. 99 

I 

8. 36 

I 

36. 33 


3 

I 

RESTZEIT 



604 

A 

1. 44 

i 

37. 93 

I 

8.37 

I 

62. 80 


3 

I 

ZUI SCHEH2EI T 



4364 

1 

3. 40 

i 

339. 40 

I 

35. 30 

I 

1164. 35 



1 

AUFTP.I TTSZE I T 



43B 

1 

a. 00 

i 

240. 00 

I 

143. 05 

I 

2185. 49 


« 

I 

BEARBE I7UHGS3EGIHN 



62 

1 

0. 00 

i 

240. 00 

I 

197. 74 

1 

593. 45 


4 

I 

BEAR BE1TUHGSEHDE 



8 

I 

0. 00 

i 

240. BO 

I 

207. SO 

I 

253. 75 



I 

UARTE2EI T 



35 

1 

0. 00 

i 

240. 00 

I 

37. 37 

1 

1676. 23 



I 

BEAR8EITUHGSDAUER 



0 

I 

19. 26 

i 

75. 42 

1 

36.23 

I 

110. 54 


4 

I 

RE3T2E IT 



422 

1 

19. 26 

i 

75.42 

1 

42. 21 

I 

17. 58 

' • 

4 

1 

2UI SCHEH2EIT 



8 

I 

0. 00 

i 

0. 00 

I 

a. ee 

I 

0. 00 

• 

€ 

1 

AUFTRI TTSZE IT 



483 

I ‘ 

0. 00 

i 

240. 03 

I 

96. 71 

1 

3652. 31 


6 

1 

BEARBE ITUilGSBECIKH 



304 

I 

0. 00 

i 

240. 80 

I 

157. 01 

T 

A 

1 433. 47 


6 

I 

BEARBE I TUNGSEHBE 



133 

1 

0. 00 

i 

240. 30 

I 

183.01 

I 

1210. 59 


6 

I 

UARTEZE! T 



685 

I 

e, 00 

i 

240. 00 

I 

35. 22 

1 

2153. 13 


6 

I 

BEARBEITUHGSDAUER 



133 

1 • 

10. 62 

i 

103. 92 

1 

29. 44 

1 

31 3. 8 1 


6 

I 

RESTZEIT 



330 

1 

10. 62 

i 

103. 92 

I 

38. 49 

I 

138. 82 


6 

I 

ZUISCHEHZEIT 



8 

1 

0. 00 

i 

0. 09 

I 

8. 00 

I 

8. 00 


7 

1 

AUFTP.ITT3ZEIT 



3730 

I 

0. 00 

i 

240. 80 

I 

102. 35 

I 

4379. 79 


7 

I 

BEAR3EITUMCS3EGIHH 



5758 

I 

■ 0. 00 

i 

240. 60 

I 

102. 35 

i 

4379. 79 


7 

1 

BEARBE I TUHGSEHDE 



5184 

1 

8.00 

i 

240. 00 

I 

187. 94 

i 

4095. 57 


7 

1 

UARTE2EIT 



1393 

I 

0. 00 

i 

240. 80 

I 

5. 67 

i 

S8. 30 


7 

1 

BEARBEITUHGSDAUER 



5134 

I 

1. 44 

i 

33. 76 

I 

7. 90 

i 

. 33.59 


7 

I 

RESTZEIT 



566 

1 

1. 44 

i 

33. 76 

I 

7. 71 

i 

41. 37 


7 

I 

2WISCHEH2EIT 



4115 

I 

1. 80 

i 

355. 20 

I 

36. 76 

i 

1405. 48 


6 

I 

AUFTRI TTSZE I T 



5914 

1 

0. 08 

i 

240. 00 

1 

89. 75 

i 

3731. 52 

• e 

1 

BEARBE ITUHGSEEGIHH 



4796 

I 

0.00 

i 

24 0. 00 

1 

94. 45 

i 

4312. 58 


8 

I 

BEARBE I TUHGSEHDE 



4494 

I 

. 8.89 

i 

240. 80 

I 

182. 0 1 

i 

4043. 51 


8 

1 

UARTEZE! T 



2645 

I 

0.00 

i 

240. 00 

I 

17. 57 

i 

386. 64 


0 

1 

BEARBEITUHGSDAUER 



4494 

I 

1. 60 

i 

57. 24 

1 

18.2 1 

i 

56. 88 


8 

I 

RESTZEIT 



1420 

I 

1. 80 

i 

57. 24 

I 

8. 72 

i 

3. 91 


8 

1 

2UISCHSH2EIT 



4167 

1 

8. 60 

i 

299. 40 

I 

36. 06 

i 

1332. 45 


13 

I 

AUFTRI TT SZE I T 



6121 

I 

0. 00 

i 

248. 03 

I 

109. 45 

i 

3954. 87 


13 

1 

BEARBEIT'JHGSBECIHH 



3795 

! 

8. 80 

i 

240. 00 

I 

110. 71 

T 

4603. 27 


13 

I 

BEARBE I TUHGSEHDE 



2931 

I 

0. 00 

i 

24 0. 0 0 

I 

120. 52 

I 

3852. 73 


13 

I 

UPRTEZEIT 



4945 

t 

l 

0. 00 

i 

240. 80 

T 

16. 69 

I 

603. ?e 


13 

1 

BEARBEITUHGSDAUER 



2981 

1 

8. 96 

i 

70. 32 

i 

13. 74 

I 

164. 24 


13 

I 

RESTZEIT 



3140 

1 

0. 96 

i 

70. 32 

i 

14. 93 

I 

22. 10 


13 

I 

ZUISCHEHZEIT 



4377 

I 

2. 40 

i 

280. 20 

i 

44.27 

I 

1037. 33 


14 

I 

AUFTRI TTSZE IT 



832 

I 

0. 00 

i 

240. 80 

i 

121.07 

I 

2097. 65 


14 

1 

BEARBE I7UHCS2ECINH 



553 

I 

0. 80 

i 

248 00 

i 

160. 85 

1 

1257. 14 


14 

1 

BEaRBEITUHGSEHDE 



396 

I 

0. 60 

i 

240. 00 

i 

101. 64 

I 

983. 32 


14 

I 

UPRTEZEIT 



439 

I 

0. 00 

r 

240. 00 

i 

48. 52 

1 

1316. 26 


14 

I 

BEARBEITUHGSDAUER 



396 

I 

14. 40 

i 

65. 34 

i 

31. 04 

1 

132. 13 


14 


RESTZEIT 



436 

I 

14. 40 

i 

65. 04 

i 

32. 46 

I 

24. 48 


14 

1 

2UI SCHEHZEIT 



e 

I 

0. 00 

i 

0. 00 

i 

0. 00 

I 

0. 00 


, 


. - ... 


i 


l 


i 

• .... 

i 


I 



Key : 


1-arrival time 2-beginning 
4-waiting time 5-execution 
arrival time 8-test series 


of execution 3-end of execution 
time 6-remaining time 7-inter- 
no. 9-number of tests 10-task no. 


100 



Table 5.5: Frequency of Pilot Overloads in the Computer Simulation (test series 1) 


• 

Uborlastung 
^ durch 

Aufgabo 8 

• Oberlasfung 
1 dorch 

^ Aufgabo 13 

Oberlasfung 

durch 

1 Aufgabo 1 

• 

Oberlasfung 
1 durch 

Aufgabo 4 

j (mehrfaches Auftrefen) 2 

(nlchf bis zum Sollzeitpunkf erledigt) 3 

• 4 

Versuchsreihe 1. 

i 

12.6 % 

. 31.3 % 

/ 

22.6 % 

\ 

7.5% 


Key: 1-overload due to task 2-repeated occurrence 3-not completed by the spec, time 
4-test series 



PROGRAMS 



Key: 1-simulation of the work sequence in the cockpit 2-option 

to repeat an already-simulated approach 3-repeat a simulation 
run? 4-of test no. 5-from file no. 6-heatline output and 
read-in the control parameters 7-test series no. 


c 

c 

c 

c 

c 

c 

c 

c 

c 


t***************************************************** 

HP CREU , 1SIMULATI0N DES AR6EI TSABLAUFES IM COCKPIT 

t***************************************************** 

LIHKBLOCK 

CREW=»CREU/F/C 

KOPF.CKRIT, UUB/O: 1/C ^ „ 

COS, EMOD, STATUA, STATUQ, STATUS/0.- i'C 
UARR, USER/ AUS. INF. RAHDUX 

DIMENSION IAUF<20)» AH <20 >, ANZ <28) 


COMMON ✓ A/ AST AT (2 0, 1 0) , XKZ<20 > . 2ST AT< 20 ) , T2U < 20 >» TREST<20> 

COM1OH/AA/'AT<20), DISZ<20>, HH2X<20), XNUIK20) 

C0MM0N/8/SCH1 < 10 ), SCH2< 1 0), ClLENl, QLEN2, SYSN1, S /SN2, SYSH 
COMMON/’C/AAZ<20), APAC20). APB < 2B ) » ARR<20), ZAZ<2u), a 0(29>. AUC20> 
COMHOH/'D/SER<20),SPA<20),SPB<2e),XIX<20>, YIY<20>, 

1 T I M <4 >» TNEXT » TL AS T , SO<20>, SU<20> 

COMMOH.'E/'ZEIT<20), RAUF<20> 

COMMON/F/XA, XB, XLAST, UBL<20) 

C0MH0N/C/TIN< 200). Sl<200>. S2 <208) , S3 <200 > , S4 <208 ) , S5< 280 >, INAH 
COMHOH/H/'XMAT < 20 ) . A < 20) » B< 20 ) , TH< 2 0) , PB2<2 O),AUh< 20) 
COMMON/HH/TOM. TDK. US I . USF, XG A. El. E2, TE 1 . T E2. TFCH, TACH. TABR 


DOUBLE PRECISION PRNAI1. Z0» Zl. Z2 
DATA PRN AM /8HCREU / 

STR I /4H / 

Z9 /8HNEUTRAL / 

Zl /8HF. I . S. / 

22 /SHCONTI HUE/ 

23 /8HG0 AROUH/ 

Z4 /8HKEINE / 

XKR /80*8H / 


Z3. Z4» ZE1, ZE2. XKR<68> 


DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 

DATA 


XKR <1>. XKR< 2) /8HATIS 
XKR <21 ) > XKR <22 > /BHA-CHECK 
XKR<23>. XKRC24) /BHNO A-SR 
XKR < 25 ) /8HN0 V/'C-B/ 

XKR <41 >» XKR < 4 2 ) /BHE2 LOU 
XKR < 43 >. XKR (4 4 ) /8HFUNK 
XKR<45). XKRC46) /8HFLAPS 
XKR < 4? > /8HFREIGABE/ 


8HFUNK / 
3HA-BR IEF 
8HFUHK 


8HFI-CHECK/ 
8HGEAR / 
8HKEINE E2^ 


DEFIHE FILE 4 < 1 00, 2400, U, IUAR) 
READ <4 ' 1 ) T I N, SI, S2, S3, S4.S5 


'c *’ ^2- OPT I OH A U F U I E D E R H 0 L U N G * E IN E S* BEREITS SIMULIERTEN'ANFLUG'ES' 

q ft********************************************************* 

KUDH=0 « 

399? FORMAT <1 Hsf ' UI EDERHOLUNG EINES S IMUL ATI OHSLAUF^S ? ') 

R E A D < 5 , 13)KUDH 
’ IF<KHDH. NE. 1)G0T0 3993 
URITE<7» 3999) 4 

3999 FORMAT < 1 H$, ' UDH VON VERSUCH NR ' ) 

READ <5, 1 3 )NRW 

URITE<7, 4300) — r ^ . 

4000 FORMAT ( 1 H$, ' AUS FILE NR ') 

READ <5, 1 3 )NFU 

13 FORMAT < I 3 ) 

DEFINE FILE NFIK 100, 2400, U, I VAR) 


C ^KOPF-AUSDRUCK UND E 1NLESEN DER STEUERP ARAMETER 

C *******«>»!Ml***** + **.Ml 4** I*#**********,*** ******* 

3990 CALL KOPF CPRHAM, 7) 

WRI TE< 7, 2000) 

2000 FORMATUHS. ' PHASE NR ' > 

READ<5, 308O)NPH 

3000 FORMAT CI3) * 

URI TE<7, 1999) + 

1999 FORMAT < l H$, ' VERSUCHSRE IHE HR ') 

READ <5, 2999 ) YREI 
2999 FORMAT<F20. 10) 




Key: 1-read-in the input parameters form magnetic disc 
2-updating the remaining parameters 


C 

c 


B89 

BBS 




DER EINGABEPARAMETER VON MAGHETPLATTE 

ILE NF 1 C 42, 40, U, IVAR> 

= 1, 10 
M)A 
= 1,20 
I)=ACJ> 

' 1 1 >XN AT 
' 12 >X I X 

' 13)AT X 

' 14 >AAZ 
' 1 5 ) A P. R 

' 16 )SER 

' 1? )D I S2 
' 18 )APA 
' 19 >APB 
' 20 >SP A 
' 21 >SP0 

' 22 > AHZX n. 

' 2 3 > X K 2 

'isSfsiJliil’foi, 102, IF1, IF2, ID1, ID2, 1U1. 1U2 
' 26 >2E IT 
' 225RAUF 

' 28 > B ". ..... . .■ - 

' 29 >TH 

' 30)AUA •- - 

' 31 >2AZ ...... 

' 32 )ZSTAT -- . - - 

' 33 )TZU 

' 34>YIY : 

, 35) AU .... - --- ... - : 

' 36>ao ;. . ... . . ._ - 

' 3? > SU 

' 38 >S0 •' .. 

' 39 >PBZ 

' 40 )NPH, 1P1, IP2, PXQ, P VAR, PMIN, PMAX 
' 42 >XNUM 


I EIHLESEN 
***«*••* 

NFi-NPH 
DEFINE F 
DO 808 I 
READ <NF1 

• DO 809 J 
flSTflKJ, 

CONTINUE 
READ OIF 1 
READ CNF 1 
READ <NF1 
READ (NF1 
READ<NF1 
READ<HFl 
READ CNF1 
READ<NFl 
READ<NF1 
READCNFi 
READCNFI 
READ CNF1 
READ<HFl 
READCNFI 
READ (NF1 

• READ CHFl 

• READ <NFl 
■ READCKF1 

READ<HFi 
READCNFI 
READCNFI 
READCNFI 
READ <NF l 
READ (NF1 
READCNFI 
READ (NF1 
READ CNF 1 
READ <NF 1 
. READCNFI 
READCKFl 
■READCKFl 

2.INITIALISIERUNG DER RESTLICHEK PARAMETER 

fr*****®********************************* 

TEHD=8. 

inah=0 • 

KFORT-8 • -- ------- 

NAT=IFIXCXNAT<1>> 

NZU=IF1XCXNATC2>> " - 


V 

ieei 

1802 

1883 


•IFCKUDH. HE. 1>G0T0 4003 


n 


READCNFM' NRIOTIH, 
DO 4031 J= 1 , 20 
XIXC J)=S3CJ> 

DO 4802 J=2 1 » 40 
Y I Y < J-20 ) =S3C J ) 
IU1«IFIXCS3CS5>> 
IU2-1FIXCS3C86)) 

DO 4 J*1 , 288 
T INC J>=0. 

81C J> = 0. 

S2C J ) = 8. 

S3< J>=8. 

S4C J ) = 8. 

S5C J >=0. 

CONTINUE 

DO' i J=i, 28 
ANC J ) = 0. 

TRESTC J>«8. 
CONTINUE 

DO 2 J=l, 4 

TIMCJ)»10.**38. 

CONTINUE 


SI, S2, S3, S4, S5 
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Key: 1-output of control params . 2-crew comp, simulation with queueing 
system 3-OM flyover 4-param. ref. to time 5-variation of param. 
except 6-run the simulation 7-no. of sim. runs 8-control 
output 9-phase duration 10-variable phase duration 11-fixed 
phase duration 12-visibility, OM, DH for phase 13-variable 
visibility 14-fixed visibility 


C 

c . 

114 

327 


223 


251 




Iausgabe der steuerparameter 
*************************** 

CALL KOPFCPRHAM, 6) 

PRIHT 327,VREI,HPH, NAT, N2U 
FORMAT C3X, ' CREU-RECHNERS1MULATI0H MIT QUEUEING-SYSTEMS 
1//. 3X, ' VERSUCHSREIHE ',F5.2, A _ , ... 

13X, 'FUER PHASE NR ' , 12, /✓, 3X, ' NAT*' , 1 4, 4X, ' NZU= ' , 1 4) 

FORMAT C3X," ^ZUSTAND^NR 1 = OUTER MARKER UEBE^LOGENS 
13X, ' AUFGA8E 11 * ENT S CHE I DUNG STUFE 1 -- FI. S',/, 
13X, ' -PARAHETER-BEZUG AUF PH ASEN-ENDE' , 

13X, 'AUFGABE 12 * ENTSCHEIDUNG STUFE 2 — CONT/GH ' » /, 
13X, ' -PARA METER -BE 2UG AUF ZEIT/DH',/) 

F0RMATC3X, 'VARIATION DER PARAMETER AUSSER. ' ) 4 


Task- Mtctsio* 




n 


c 

c 


340 


341 


c 

335 


336 

400 


4004 

402 

403 
4010 
C 

401 


200 

'201 


202 

203 


4011 

204 


205 

206 


207 

•209 


4012 


(oDURCHFUEHRUNG DER SIMULATION 

*****#********>*« + * ■**.* ** ♦**>** 

XA°0. 

XB»0. 

FORMAT C3X?' AHZAHL S IHUL ATI 0HSLAEUFE<MAX . 1 00 3X, 
1 $, ' NSIM*' ) 

READ<5, 13)HSIM 

URITEC7# 341) S _ ' - 

FORMAT < 1 HS, ' K0NTR0LL- AUSDRUCK ? JA=2 . ') 

READ <5, 1 3 >K0H 
1F<K0H. EQ. 0)GOTO 335 
XA*.K0H*1 . 

XB*K0H*1. 

1 PHASEHDAUER. 

IFCKULH. HE. 1 > GOTO 336 
1PVAR°0 

• GOTO 4004 „ 

• UR! TEC 7, 4805 10 

FORM AT C 1 H J, ' VARIABLE PHASENDAUER ? '> 

• READ<5, 13HPVAR 

IFCIPVAR. EO. 1>G0T0 401 
URI TEC 7, 492) I* 

'-•FORMAT C 1 HS, ' FESTE PHASENDAUER IN SEC* '> 

READ (5, 403)DAUER 
FORMAT CF20. 10) .. 

PRINT 4013. DAUER f ^ , 

FORMAT C3X, ' FESTE DAUER = ',F8.2,' SEC') 

•1-S1CHT, OM, DH FUER PHASE 3. 

IFCNPH. NE. 3)G0T0 228 ' ■ 

IFCKUDH. HE. 1)G0T0 200 
-ISVAR*8 

• GOTO 202 - 

URI TEC 7, 201 ) fl> 

FORMAT C 1 H*» ' VARIABLE 
READC5, 13)ISVAR 
IFC ISVAR. EQ. 1 )G0T0 204 
URI TEC7, 283) 


SICHT BE I DH ? ' > 


•y 


FORMAT C 1 H*» ' FESTE SICHT BEI DH IN VOLT* ') 
READ<5, 403>USI 

FORMAT <3 X , 1,4 FESTE SI^HT BEI DH =',F8.2, ' VOLT') 

IFCKUDH. HE. 1)G0T0 205 
IFVAR=8 

GOTO 287 .- 

WRI TEC 7, 286) I i 

FORMATClHi, ' VARIABLE SICHT BEI F.I.S. ?') 

READC5, 13)1 F VAR 

IFC IFVAR^EQ. 1 )GOTO 209 

FORMAT Cl Hif ' FESTE SICHT BEI F.I.S. IN VOLT *') 
REA DCS, 463) USF 

F0RMATC3X, 2 ' FESTE SICHT BEI F.I.S. »',F8.2,' VOLT') 

w 
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Key: 1-variable timepoint for 2-fixed timepoint for 3-potential 
tor test output during simulation 4-detailed LP-output for 

SstrlbuWon U 7?du?at!on PhaSe dUrati ° n 6 -^"^ation from normal 


269 

2l 0 
211 


i 212 
! '213 


1 

2EITPUNKT 


FUER OH ?') 


OH SEC, T0M='> 


4068 

214 


213 

216 


217 

218 


4089 

219 

220 


IFCKUBH. HE. 1) GOTO 210 
IOVAR«0 
GOTO 212 
URITEC7, 2 1 1 > 

FORMAT <1H$i ' VARI ABLER 
READ <5, 1 3 > IOVAR 

IF< IOVAR. EQ. 1 >GOTO 214 . 

URITEC7.213) . 

FORMAT <IH$» ' FESTER 2EITPUHKT FUER 
READC5, 403>TOH 

. P R IX I_ 438 8,.. TQM. V — - v=-« IN- 

FORM AT <3X,' FESTER 2E1TPUNKT OM = ',F8.2, ' SEC') 

IFCKUDH. HE. 1) GOTO 21S 
I DVAR=e 

GOTO 217 , 

FORHATCl H$f ' VARI ABLER ^ZE ITPUNKT FUER DH 
READC5, 1 3 > I DV AR 
IFC I DVAR. EQ . 1 ) GOTO 219 „ 

WRITEC7. 218) *- 

FORMAT <IH$» ' FESTER 2EITPUHKT FUER DH IH SEC, 
READ <5, 403>TDH 

PRIHT 4009, TDH 'l* , 

FORMAT <3X, 'FESTER 2EITPUHKT DH «',F8.2, ' SEC'> 

GOTO 2208 
USI n 18. 

. USF“ 10. - •* 

TOM=0. . . 

TTH“0. 

I S V A R=0 
I OV AR“8 
TDVAR-8 


?' > 


TDH = ' ) 


i200 

IFVAR“8 

CONTINUE 

■ - - - 


4003 

IFCKUBH. NE. 1 ) GOTO 4003 
URITEC7, 349JHRU, NFU 
PRIHT 349, NRW, NFU 
URITEC7. 350) 

PRINT 350 


■ 

* ' • 

-IFCKUDH. HE. 1>G0T0 4086 
LREC=HRU 
•GOTO 4807 

.. 



c- 

4006 

C 

; / 

C 


778 

779 

777 

C 

4087 

C 

330 

184 


**** **********>** ** + 

DO 1008 LREC=1, N.SIM 

0 * * * 4 * * * * * * * * * * * * * * 

3MOEGLICHKEIT FUER TESTAUSDRUCK UAEHRENB SIMULATION 
1FCKOH.HE. 2)G0T0 777 

FORMAT('lH5, 8 ' LR AUSFUEHRLICHER LP-AUSDRUCK FUER VERSUCH 1 }', 

112, ' ?' ) 

READ<5,779)K0H2 

F0RHATCI3) -• - - ■ 

XA«2. : - 

••XB°2 . 

IFCKOM2. EQ. 0>XA»0. 

• IFCK0H2. EQ. 0)XB=>8. 

COHTINUE ... 

£berechhung DER PHASEHDAUER 
. IFC IPVAR. ME. 1 >G0TQ 404 
^generation HACH NORMALVERTEILUHG, 

P-C0SC2. *3. 14159* RANCIP1, IP2>) 

"Q«»C-2. *PVAR*AL0G<RANCIP1, IP2>>>+*0.5 
I DAUER=PXQ+P*Q 
.. .IFCDAUES. LT.PHIH)G0T0 330 

1 FC BAUER . GT.PMAX>GOTO 330 
7"DAUER=DAUER*60. 

CONTINUE 
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Key: 1-print-out of results 2-determination of tasks which occurred 
in the sim. run in spite of having an occurrence prob. less than one 
3-determination of print-out on landing decision 4-determination 
of tasks remaining in the server 5-print-out for various condi- 
tions ' 6-first possibility: System is overloaded 7-second possibility 
simulation end, the system is empty 8-third possibility: Simulation 
end, remaining tasks in the system 9-fourth possibility: termina- 
tion due to "go around" 


C 

c 

c 

: C 

! 362 


: 361 
: 2806 
i C 


i 


369 

388 

C 

363 

368 


V 


i C 

; -332 


1 AUSDRUCK DER ERGEBNISSE 

*»Mi*>**.*ir*>Mi#**#*:***#**p 

lERMITTLL'HG DER AUFGABEH, DIE IM SIM. LAUF TROTZ EIHER 
AUFTRITTS-UAHRSCHEINLICHKE1T < 1 AUFGETRETEN SIHD, 

DO 362 JM, 20 
IAUF<J)»0 

IAN2=»0 .. 

DO 361 J M , 20 ^ 

IF(AUA<J).EQ. 1. >GOTO 361 
IF<XK2<J).EQ. 0. ) GOTO 361 
1 AN2M AMZ + 1 
I AUF < I ANZ > s J 
COHT ItlUE 

PRINT 2006, CSTRI, JM, 20> 

FORMAT <T2, 20A4 ) . 

BEST IMM'JHG DES AUSDRUCKES UEBER LANDE-ENTSCHEI DUNG 

IFCNPH.EQ.3)G0T0 363 

ZE1=Z4 

ZE2=Z4 

GOTO 380 

ZE1 -ZB 

IFCEl. EQ. I. )ZE1 = Z1 
2E2°Z2 

1FCE2. EQ. 3. >ZE2»23 
CONTINUE 

^ BESTIHHUNG DER REST-AUFGABEH IH SERVER 
H S 1 « 0 
NS2-8 

DO 363 JM, 20 

IFCASTATCJ, 1). EQ. 6. 8>NS1=J - 
IFCASTATCJ, 1 > . E3 . 6 . 8) NS2* J 
CONTINUE 


DO 360 JM, 20 
I F< (ASTAT <J, O.EQ. 3. >. 

I F< (ASTAT ( J, 1). EQ. 4. >. 
CONTINUE 
IFCQLEN1. EQ. SYSN1>NS1=0 
I FCQLEN2. EQ. SYSN2)NS2=0 


OR. C ASTAT (J, 1 > . EQ . 8 . > > NS1 = J 
OR. < ASTAT <J, 1 > . EQ . 8 . ) > NS2= J 


S AUSDRUCK FUER VERSCHI EDENE KQNDITI0NEN, 

IFCXGA.EQ. 1. ) GOTO 335 

G-1.N0EGL.: SYSTEM 1ST UEBERLASTET 

1 F < XLAST . EQ . 0 . > GOTO 332 
WRITE (7,351) LREC, SAUER, TEND 

PRINT 351, LREC, DAUER, TEND, XLAST, CIAUF(K), KM, IAHZ) 

WRITE (7, 352 >CSCH1< 1 1-K), K=l, 10). NS1, (SCH2(1 1-K), K = l, 10), NS2 
PRINT 352, (SCHl(ll-K), KM, 10),NS1, <SCH2(1 1-K), KM, 10), MS2 
GOTO 999 

7*2. H0EGL. : SIH-ENDE, DAS SYSTEM 1ST LEER 

I F< SYSH. HE. 0 ) G OT 0 334 
WRI TE< 7, 354 )LREC, DAUER. TEND 

PRINT 354, LREC, DAUER, TEND, ( I AUF <K ) , KM , IANZ> 

GOTO 999 


I C 

j 334 

! c ■ 
I i: 

i 

i c 


V 3. HOEGL. ; SIM-ENDE, REST AUFGA8EN IM SYSTEM 
URI TEC 7, 353 )LR EC, DAUER, TEND 

PRINT 353, LREC, DAUER, TEND. (lAUFOO.KM, IANZ) 

MR1TEC7, 352 X SCHiC 1 1-K), KM, 10), NS1, (SCH2(1 1-K>, KM, 18). NS2 
PRINT 352, C SCHIC 11 -K>, KM, 10), NS1, <SCH2<11-K>, KM, 18), h'S2 
. .. Goro_9aa 

* 4. MOEGL. : ABBRUCH UEGEN GO AROUND 

WRI TEC 7, 356 >LREC, DAUER. TE2 

PRINT 356, LREC, DAUER, TE2 
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o 


Key: 1-calculation of visibility at decision altitude 

2- calculation of visibility at F.I.S. 

3- Calculation of timpoint for OM overflight 

4- calculation of timepoint to reach DH 

5- updating the determined results 

6- print-out at beginning of approach 

7- simulation of activity sequence 






c 

i. 

. §26 

225 

C 

C 

C 

228 

227 
. C 

C 

C • 

230 

, r* 

229 

C 

C 

C- 

232 

231 
C 



Ibrechhung der sxcht bei entscheidungshoehe 

IF< ISVAR. NE. 1 >G0T0 225 
-'GENERATION NACH EXP. -VERT. 

MIT LAH8DA-0. 4 103, MI H = 0 . , HAX=*1 0. 

P»AL0G<1 . -RAM< IS1. IS2>> 

USI=-P/0. 4103 

IFCCUSI. LT. 0. >.0R. <USI. GT. 18. >>G0T0 226 

USI=10. -U3I 

CONTINUE 

ZbERECHN'JNG der sight BEI F.I.S. 

1F< IFVAR. ME. 1 >G0T0 227 . ... 

GENERATION NAC1I GLE I CH-VERT. 

MIT A=>0. 7 4 82 B = 9. 4185 MIN=0. MAX=18. 

USF«=0. 4? 8 2+ 8. 6703*RAN<IF1« IF2) 

IFCCUSF. LT. 0. >.0R. <USF. GT. 18. >>G0T0 228 

USF= 10. -USF 

CONTINUE 

'JbERECHN'JNG DES ZEITPUHKTES fuer UEBERFLIEGEN Oil 
■' IF< I0VAR. EQ. 6>TOM=OAUER-TOH 
IF< I GV AR . NE. OGOTO 229 
GENERATION HfiCH HOP.MAL-VERT. 

MIT XH=1 01.3 VAR = 295 . 6 MIN = S2.0 HAX=130.0 

P=C0S<2. *3. 141 59+R AIK 101. 102 > > 

Q = <-2. +295. 6*ALQG<RAH<I01. 1O2>>>**0. 5 
TOM 3 1 0 1 . 3 + P*Q 

I FC CTOM. LT. 52. ). OR. <TON.GT.130. >>G0T0 230 
T0tt=>BAUER-70M . . . 

IF<T0H. LT. 0. ) GOTO 238 ." 1 ' 

1 F< NPH . EQ . 3 )M2U= 1 

- IF-CNPH,£Q . 3->T2U< 1> =»IQM 


MBERECHH’JHG BES ZEITP'JNKTES VON ERREI CHEN DH 
IFCIDVAR. EQ. 0)TDN=DAUER-TDH 
IF< IDVAR. HE. 1 >G0T0 231 
**>• GENERATION MACH NORMAL-VERT. 

HIT XM = 4 2 . 5 VAR 3 2200. MIN=28. MAX=100. 

P = C 0 S < 2 . + 3. 14159 + RAHCID1/ 1 2 2 > > 

Q a <-2. +2280. *AL0G<RAH<ID1. ID2>>>**0.5 
TDH=42 . 5+P+Q 

I F< < TBH. LT. 28. >. OR. <TBH. GT. 1 00. >>G0T0 232 
TDH=BfiUER-TDH 

I F< T3H . LT . 0 . > GOTO 232 ..... 

CONTINUE 

S’lNITIALISIERUNG BER ENTSCH. ERCEBNISSE 
XGA“8. 

E1*0. 

E2*=8. 

TE1 =BAUER 
TE2+BAUER 

(o AUSDRUCK BEI BEGINN DES ANFLUGES 
WRITE<7. 96?>LREC. BAUER 
FORMAT <T2, 13. T15. F6. I> 

7 SIMULATION DES TAET IGKEI TSABLAUFS 

•**a**»****4«4*****»«+««****«**+* 

CALL CQS < NAT. H2U. DAUER, LREC. TEND, VREI, 
1NPH.KUA, XU 1* I U2 1 
WRITE<4'LREC)T1M,S1,S2. S3. S4. SS 
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Key: 1-repeat test no. 13 from file 2-results of computer simulation 
3-seek critical events and print-out 4-supplemental print-out 
of frequency 5-end of entire computer simulation 6-continue 
the simulation 7-end output on special events in the computer 
simulation 8-crew overload 




999 

C 

C 

C 

C 

998 

349 

350 


351 

352 

353 

354 

355 

356 

357 


C 

c 


c 

c 


IFCNPH. HE. 3)G0T0 998 
URITE<7. 355)T0H, TDH, USF, USI 
PRINT 355. TOM. TDH. USFj USI 
HRITE<7, 357)TE1. ZE1. TE2, ZE2 
PRINT 357, TE1, ZE1J TE2, 2E2 
CONTINUE 

1* FORMAT <3X. 'UIEDERHOLUNG DES VERSUCHES HR ',13,' AUS FILE ',I2> 
^.FORMAT <T20, 'ERGEBNISSE DER RECHNERSI HUL AT ION ' . 

JT20/ * ** + **********:*****:*♦***:#*****♦ + *',/'/# 

1T2. 'LFD-NR', T15, ' DAUER ' , T22, ' S III . ABBRUCH BEI ' , ✓* 

1T15, ' tSECV , T22. ' Tt SEC 1' , T30, 'K0NDITI0H') 

F0RMAT<T2. 13. T15.F6. 1. T22. F6. 1, T30, 'CREU UEBERLASTET ', 

1 ' BURCH AUFGABE F4. 0, 

1/, T2. X. T30, ' AUFTRITT BE I AUA<1 VON: ',1013) 

FORMAT <T30, 10F4. 0. ' ✓' , 12, ' ✓ ' » /. T30, 10F4. 0, ' . 12, > 

FORMAT <T 2, 13, 1 1 5. F 6 . 1 , T 22, F6. I, T30, ' PHASENENDE', T2, X, 

1T30, ' AUFTRITT BEI AUA<1 VON: ' , 1 0 13. /, T2, X, T30. ' RESTL . AUFGABEH « ' > 
FORMAT <T2, 13, T 15, F6 . 1 . T22, Ffi. 1, T30, ' SI H . -ENDE' , r, T2, X, 

1T30, ' AUFTRITT BEI AM A< 1 VON: ',10I3> 

FORMAT <T 2, X, T30. 'T0M=', Ffi. 2, 3X. ' TDH= ' , Ffi. 2, 3X, 'USF='. F5. 1, 

1 3X, ' USI = ' , F5 . 1 > 

FORMAT <T2, 13. T 15, F6. 1 , T22. F6. 1. T3B, ' AB BRUCH UEGEN CO AROUND') 
F0RHAT<T2,X,T38» ' T= ' . F6. 1, ' ENTSCH-1 : ' , A8, /, 

1T2, X, T30. ' T= ' , Ffi. 1, ' ENTSCH-2: AS) 

3 AUFSUCHEN KRITISCHER EREICNISSE UND AUSDRUCK 

CALL CKRIT<NAT, NPH, DAUER) 

L| 2USAT2 AUSDRUCK UEBER AUFG. HAEUFIGKEIT 


c 

PRINT 

371, 

< J. J-l. 20 

) 



371 

FORMAT 

<T2, 

' AUFG. NR. 

/ 

/ 

2013) 


C 

PRINT 

372, 

< XKZ < J > , J 

=1,20) 


372 

FORMAT 

<T 2, 

' AHZAHL 

J 

1 

,20F3. 

0) 


DO 358 

J=1 

, 28 




358 

I AUF < J 

> = 0 






DO 359 

J=1 

, 20 




359 

IFC AST 

AT < J 

, 1) . EQ. 5. 

)I AUF < J) 

= 1 

C 

PRINT 

370, 

< IAUF< J>, 

J= 

»1, 20) 


378 

FORMAT 

< T 2, 

'FERTIG . 

/ 

/ 

2013) 


C 

v ****** 

** 





1000 

"CONTINUE 





C 

****** 

** 






C 

C 


2084 


r\ 


c 

c 

7000 


7001 


7002 

7003 


JENDE DER GESANTEN RECHNER-SI KULATI OH 

IFCKUDH. EG. 1>G0T0 2005 ” / 

URI TE< 7, 2004) to 

FORMAT < 1 H<. ' F0RTSET2UHG DER SIMULATION ? ') 

READ <5, 1 3 >KF0RT 
IFCKFORT. NE. 1)G0T0 2005 
NF1 = NPH 

READ (KFl ' DXNUM 
URITEOIFl ' 12)XIX ~ 

WRIT£<NF1'25)IS1, IS 2, 101,102, IFl, IF2, ID1, ID2, IU1, IW2 
WRITE<NF1 ' 3 4 ) Y I Y 

WRI TE< NF 1 ' 40)NPH, I PI, IP2.PX0, PVAR, PM IN, PMAX 
7endausdruck UEBER desondere vorkomhhxsse in RECHNER-SIN. 
PRINT 7009, VREI. NPH 

FORMAT 3X, 'BESONDERE VORKOMMNISSE IN VERSUCHSREIHE ', 

1F4. 1, /, 3X, 'VON PHASE', 13, ' 3X, ' , 

1 ') 

_ PRINT 7081 

G FORMAT <3X, 'UEBERLASTUNG DER CREU .') 

DO 7003 J=1Q1, 120 
J J a J — 1 00 

IF(S3< J) . GT. 0. >PRI NT 78 02, JJ, S3 < J) 

FORMAT <3X, ' DURCH AUFGABE 13, ' IN ',F4.0,' V. DER AHFLUEGE' > 
CONTINUE 
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Key. l-seek crev; errors in computer simulation 2-breakdown by phase 
3— check for crew errors in phase one 4— check for crew errors 
in phase two 


n 


o 


7004 

7005 

7006 


C 

c 

c 


c 


c 

[> 


c 

c 

100 


D 

101 

102 


D . 
i&3 
104 


c 

200 

D 

201 

202 

1 

203 

204 

) 

205 


LAD»0 

IF< HPH. EQ. 2 )LAD=20 
IF(HPH.EQ.3>LAD«40 
PRIHT 7804 

FORMAT </✓/ 3X, ' CREU-FEHLER 

DO 7006 0*121/ 140 
JJsJ-120 

I F( S3< . GT . 0 . >PRINT 700 5. XKR<LAD+JJ>, S3C J> 

FORMAT <3X/ ' FEHLER "'/A8, '“ IN '/F4.0,' 7. DER ANFLUEGE') 
CONTINUE X 


STOP 
FNn .. 


/ ***»I*ft***>»«l***l*»<it**>»*>**l»I»******a»*>«*)***>**!Ml*5**)***5t******* 

U UP CKRIT / SUCHE NACH CREU-FEHLERN BEI RECHNERSIHULATION 

**********«*****'-«** A **************** ■* ******* * ************ 


SUBROUTINE CKR IT (NAT, NPH/ DAUER> 


COMMON /A/ASTAT <20« 1 a) , XKZ< 20 >, ZSTAT< 20 > , T2U < 20 >. TREST<20> 
CONNON/HH'TOM, TBH. USI/ USF/ XGA/ El. E2, TE 1 / TE2/ TECH, TABR 
COMMOII/C/TIN<200). 31(200). S2C200)/ S3 (2 0 0) / S4 <2 00 > , S5<200>. INAH 
DIMENSION IFE< 10> 


DO 1 J-l, 10 
IFE< J>=0 


“^-AUFTEILUNG NACH PHASE, 
********************** 


GOTO<180. 200/ 300>NPH 

iUEBERPRUEFUNG AUF CREU-FEHLER FUER PHASE 1 
****************************************** 

IF<ASTAT<1< 1) . EQ. 5. )G0T0 102 . . .. 

83(121 ) = S3< 121 ) + 1. 

IFE< 1> = 1 
PRINT 101 

F0RMAKT2/ 'CREU-FEHLER, '/T3B, 'ATIS NICHT/’UHVOLLST.BEARBEITET' > 

I FCXKZ <7 > . GT. 0. >GOTO 104 

S3(122>=S3<122)+1. 

I FE < 2) =2 
PRINT 103 

F0RHATCT2/ 'CREU-FEHLER, '/T30» 'KEIK ATC-KONTAKT ' > 

CONTINUE 
GOTO 399 

H UEBERPRUEFUNG AUF CREU-FEHLER FUER PHASE 2 

****>i>k***4«»«*>t*><»<***i****fc****/<*********** 

DHALB=DAUEPV2. 

IF<TACH. LE. DHALB)G0T0 202 
S3<121 J»S3<121>+1. 

I FE < 1 > =1 
PRINT 281 

FORMAT <T2/ ' CREU-FEHLER, '/T3B/ 'APPROACH CHECK ZU SPAET' > 

IFCTABR. LE. EHALB>G070 204 
S3(122)=S3<122)+1. 

I FE ( 2) =2 
PRINT 203 

F0RMAT(T2, 'CREU-FEHLER, '/T30/ 'APP. BRIEF. ZU SPAET'> 

IF(ASTAT<6, 1 ) . EQ . 5. >GOTO 206 
S3(123)=S3<123)+1. 

IFE<3>=3 
PRINT 285 

F0RMAT(T2/'CREU-FEHLER, '/T30/ 'APP. BRIEF. NICHT ERFOLCT') 
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266 


/ 


D 

26 ? 

268 


D 

269 


C 

C 

386 


D 

361 

3611 


D 

362 

3021 


-D- 

3622 


D 

383 

3831 


D 

364 

•S. 

3641 " 


d 

365 

3851 


D 

366 

999 

1668 


IF(XKZ<8>. GE. 2. >GOTO 208 
S3< 124>«S3<124>+1. 

IFE<4>»4 2L 

PRINT 207 

F0RMAT<T2, 'CREU-FEHLER. ',T30. 'KEINE FREIGABE' > 

IFCASTAT< 14, 1 > . EQ. 5. >GOTG 999 
S3<125)=S3(125>+1. 

IFE(5>=5 'T 

PRINT 209 ** 

F0RHATCT2, ' CREU-FEHLER. ',T30, 'GEU. +GESCHU. NICHT BERECHNET') 
GOTO 999 

1.UEBERPRUEFUNG AUF CREU-FEHLER FUER PHASE 3 
»*****************>*,* ****«********>«*****•* 

IFCTE2. LE. TOH>GOTO 3011 
S3C121> = S3U21) + 1. 

I FE < i > «i j, 

PRINT 301 , H 

F0RMAT<T2, 'CREU-FEHLER. ',T30, 'LAHDE-EHTSCHEIDUNG UHTERHALB DH'> 

IF<TFCH. LT. BAUER >GOTO "3021 
S3(122)=S3C122>+1. 

I FE C 2) =2 
PRINT 302 

FORMAT <T 2, ' CREU-FEHLER: ' , T30# * FINAL CHECK HOT COMPLETED' > 

I F< XKZ <8 ) . GE. 1 . > GOTO 3022 
S3U23) = S3U23>+1. 

I FE < 3) =3 

- PRIHT- 183 - -■ - 


IFCASTATC9. 1) . EQ. 5. )GOTO 3031 
S3<124)=S3<124>+1. 

1FE<4>*4 
PRINT 363 

F0RMAT<T2, 'CREU-FEHLER. ',T30, 'GEAR HOT BOUN'> 

IF<ASTAT<10, 1 ) . EQ. 5. >GOTO 3041 
S3C125)=S3<125>+1. 

I FE < 5) «5 
PRINT 304 

F0RMAT<T2/ 'CREU-FEHLER. '/T30» 'FLAPS HOT SET') 

IFCTE2. LT. DAUER)GOTO 3051 
S3< 1 26 > = S3( 126 )+ 1. 

IFE<6>=6 - 

PRINT 305 S 

F0RHAT<T2, 'CREU-FEHLER: ', T30, 'LANDEENTSCHEIDUNG HICHT ERFOLGT' ) 

IF<A3TAT<8, 1 ) . EQ . 5 . >GOTO 999 
S3C127)=S3<127>+1. 

I FE ( 7) =7 

PRIHT 306 C. 

FCRMAT(T2, 'CREU-FEHLER: ',T30, 'LAHDUMG OHNE FREIGABE') 

PRINT 1000, (IFECJ), J=l, 10) 

FORM AT <T2, 'CREU-FEHLER. ', T30, 1013) 


RETURN 

END 


Key: 1-check for crew errors in phase, three; 2-no • approval 
. 3-weight and speed not calculated _ 4-landing' decision 
below DH 5-landing decision not 'riiade 6-landing without 
approval 



o 


c 

c 

c 




c 

c 

c 

c 


302 

303 


3-04 

300 

301 

305 

/ 

60 

61 


UP*COS**r*flBLfiUF-STEUERUHG DER UARTESCHLANGEN-SIMULATIOH 1 

ttf************* ********'■**************** ******** ******** 

SUBROUTINE CQS OIAT, NZU, DAUER, LREC, TEND, VREI. 

1 NPH, KUA, IU1, 1U2 ) 

COMHOM/A/ASTAT <20# 1 0> , XKZ< 28 > , 2ST AT< 20 > , TZU C 20 ). TRESTC2B> 
C0MM0H''AA->'AT<2A>> DIS2<28)/ AHZX< 20 > , XNUM <20> . uc , u 

COMMON /'8/3CH1 < 10 ). SCH2< 1 0 > / QLEH1, GLEN2, bYSHl, SYSN2, SYSN 
C0MM0H/D/SER(20), SPA<26), SPB<26>. XIX<20), YIY<20>, 

1 T I M < 4 > , TNEXT, TL AST/ S0<20>, SU<28> 

C0MM0U^E''ZEIT <201, RAUF<20> 

CollMON/G^TI H< 200 )^S 1 <280 >f S2<208>, s3 £| 08 ^| 4 S?SR > TlrH 2 -oBR INflH 
C0I1M0H/HH/T0M, TDM. USI , USF, XGA, El, E2, TE1, TE2, TFCH, TACH, iABR 

KAalFIXCXA) 

KB«IFIX<XB> 

"),«■** ES UIRD ANGENOMMEN. DASS DAS SYSTEM ZU BEGIHH DER 
*-»* SIMULATION LEER 1ST 

2INITIALISIERUNG DER ZUST AMDS GROES SEN 
♦a********************************** 

DO 303 J=l. 20 
DO 302 K=i. 10 
ASTAT< J, K > a 0. 

CONTINUE 

DO 384 J=l, 200 
T1H< J>=0. 

S1CJ>“0. 

- S2< J>=0. 

S4< J>=8. 

S5C J > = 8. 

DO 300 J=l, 20 
S3C J >°XI X < J) 

DO 381 J=21, 40 
S3< J >= YI Y < J-28 ) 

S3< 43>=VRtI 
.... 83<05> B IU1*1. 

S3(86) = IU2*1. •* • 

DO' -385 J = 44, 63 
S3<J) B XNUH<d-43> 

NS1 =8 
NS2 = 0 

DO 60 JM» 28 
ZST AT< J> =8. 

TREST< J> =8. 

XKZ< J>=0. 

ZEI T < J ) = 8 . 

RAUF < J > = 0. 

CONTINUE 
DO 61 J=l,10 
SCH1 < J >=8 . 

8CH2<J>-0. 




TIM<3)=8. 

SYSHT=8. 

0LEN1=8. 

QLEH2«0. 

TSYS=0 . 

TQUEU1=8. 

TQUEUZ-O. 

SYSN“8. 

SYSN1»0. 

SYSH2«0. 

TNEXT»0. 

I NAN = 8 
TLAST=8. 
XLAST-0. 
TFCH-DAUER*/, 
TACH-DAUER H_ ■ 
TABR-DAUER Lj • 


Key: 1-sequence control of waiting- 
loop simulation 2-updating of 
quantities of state 

3- it is assumed that the system is 
empty at the beginning of the 
simulation 

4- duration 



o 


Key: 1-determination of the first arrival time 

2- determination of the next event 

3- service routine channel one 


C 

c 


280 


C 

C 

2 




3 

888 

281 

488 


C 

C 

10 

708 


11 


588 

5 


I ERMITTLUNG DES ERSTEN ANKUNFTSZEIT 

•a******************************** 

TIMC 1>=10. **38. 

TINC2W0. **38. 

TIMC4>-DAUER 
NXA=»8 

CALL UARRCNAT, TIMC3), HXA* HPH/ DAUER/ KUA# Illl, IU2> 
TNEXT«TIM<3> 

1FCHZU.EQ. 0)GOTO 208 
DO 280 J=>1, NZU 

IF<TNEXT. GE. TZUC J> >ZSTAT<J>=1. 

COHTIHUE 
GOTO 30 

2 ERMITTLUNG DES NAECHSTEN EREIGNISSES 

******** ********** ********** ******** 

TLAST=TNEX>T 
HEXT-1 

TNEXT«TIM<1> 

DO 3 1=2,4 

IFCTNEXT. LE.TIM<I)>G0T0 3 
THEXT=TIHCI ) 

HEXT=»I 
COHTIHUE 
TEHD«THEXT 

IFCHEXT. GT. 2>G0T0 808 

IFC CTIMC 1 >. EQ. TIMC 2 > > . AHD. <T IHC 1> . NE. 1 8 . **30 . > >MEXT=5 
CONTINUE 

IF<H2U.EQ.0>GOTO 201 
DO 201 J«l. NZU 

I FC TNEXT . GE. TZUC J> > ZSTAT < J> = 1 . 

COHTIHUE 

• IFCKA. EB. 2JURITEC6, 488>CTIMCL>» L“l, 4 >, NEXT 

IFCKA. r 

FORMAT' 

GOTOC10, 20/ 30/ 40, 70> NEXT 

*******»******i** **■*>**>***>»•*** *************** ************ 

% SERVICE - ROUTINE KANAL 1 

t******************?******** 

IFCKA. EQ. 2 > P R I H T 700 
F0RHATC3X, ' SERVICE IN KAHAL 1,'> 

NS1 =0 

DO 11 J= 1 , 28 

IFCCASTATCJ, 1 > . EQ. 3. > . OR. < ASTATCJ, 1 > . EQ . 8 . > ) NS 1= J 
SYSN=SYSN-1. 

SYSN1«SYSN1-1. 

CALL STflTUSCHSl. NPH, DAUER) 

TIM<1>=10. **38 

IFCE2.NE.3. )G0T0 500 
XGA = 1 . 

GOTO 48 

CALL INFCLREC, 8) 

IFCQLENl. GT.0. JGOTO 5 
"GOTO 2 

NQ1»IF1XCSCH1<1>> 

CALL STATUQC 1, NQ1, HS1, HS2, HABS> 

CALL INF CLREC, 0) 

IFCNSt . EQ . 8>G0T0 2 

IFCHABS. HE. OCALL USERCNAT, NS 1, TIH<1>> 

GOTO 2 


IFCKrt! EQ. 2JURITEC?, 40 0) CTIMCL), L=*l» 4>, HEXT 
: ORHAT<3X,'TIK = ',4C2>:E10.4>,2X, 'NEXT=', I2> 
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Key: 1-service routine channel two 2-service routine for both 
channels simultaneously 




r ^ 


c 

c 

20 

701 


21 


S01 

B 



502 

/ 

72 


73 


74 


1 SERVICE - ROUTINE KANAL 2 ... 

*************************** . . 

I F< KA. EQ. 2>PRINT 701 
F0RMAT<3X, ' SERVICE IHKANAL2.') 

NS2*0 

DO 21 Jal/20 

IF< < ASTAT <J, 1 > . EQ. 4. > . OR. <ASTAT<J, 1> . EQ . 8 . > >NS2* J 
SYSN=SYSN-1. 

SYSN2=SYSN2-1 . . 

CALL STATUSOIS2, NPHj DAUER) 

TIH<2>=10 . **30. 

IF<E2. NE. 3. >GQT0 501 - 

XGA° 1 . 

GOTO 40 

CALL INF<LREC, 0> --- -• 

1F<QLEN2. GT.O. >G0T0 6 
GOTO 2 


HQ2*»IFIX<SCH2< 1>) 

.CALL STATUQ<2, HQ 2# NS1, HS2< NABS> _ 

1 CALL ' IMF (LREC»'0> ~. “““• ~ 

IFCNS2.EQ.0)C0T0 2 

IF<NABS. NE. 1 > CALL USERCHAT, NS2, TIM<2>> 

GOTO 2 

***** ********** ***************** ****** ** ********** 

2-SERVICE-ROUTINE FUER BE 1 BE KANAELE GLEICHZEITIG 
*********************************************** 

IF<KA. EQ. 2> PR I NT 702 
F ORMAT <3X, ' SERVICE IN KANAL 1+2.') 

DO 71 J 3 1 , 20 ■ . - . - • • - 

IFCASTATCJ, 1). EQ.8. >HS«J . - 

SYSN=SYSN-1 . ' . - - 

SYSN 1 = SYSN1 -1 . - 

SYSH2=SYSN2-1. •«--**-*• • • -. 

CALL STATUS<HS, HPH, DAUER) 

T IH < 1 ) =1 0 . **30 . 

TIM<2) = 10.**30.- 

IF<E2. HE. 3. >G0T0 502 

XGA* 1. - .. . 1 

GOTO 40 - • • • • • 

CALL INF<LREC, 0> _ . 

IF<<QLENi. EQ. 0. >. AND. <QLEN2. GT. 0. >>NFALL«=1 
IF<<0L£N1 . GT. 0. > . AND. <QLEN2. EQ. 0. > >NFALL=2 
IF< <QLEHi . EO. 0. ) . AND. <QLEN2. EQ. 0. > )NFALL*3 
I F< < QLEH 1 . GT. 0. >. AND. <QLEN2. GT. 0. >>NFALL=4 ~ ' 
G0T0C72, 73) 74, 75>HFAL,L V 

T1H<1> 3 10. **30. . - - 

N02«IFIX<SCH2<1>) 

CALL STATUQC2, HQ2, 0,HS2,' HABS> 

CALL INFCLREC, 0> 

IFCNS2. EQ. 0)G0T0 2 =."■ 

1FCNABS.NE. 1>CALL USER(NAT,HS2, TIM<2>> 

GOTO 2 

TIM<2>=10.**30. ~ 

HQloIFIX<SCHl<l>> 

CALL STATUQ< 1, NQ1, NSt, 0, HABS) 

CALL INF<LREC, 8> 

IFLHS1 . EQ. 0>G0TQ 2 v „ 

IF<NA3S. NE. 1>CALL USER< HAT, NS 1, TIN< 1 >> 

GOTO 2 

TIM< 1 > = 1 0 . **3B. 

TIH<2)*10.**30. 

GOTO 2 
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Key: 1-arrival routine 
up for processing 


2- determination whether unit is moving 

3- advance of unit for execution 


o 


o 


75 


* C 

iee 

c 

103 
105 

c 

104 


C 

102 

107 

C 

101 


C 

106 


C 

C 

30 

783 


"C T 
C 


53 

54 


55 

56 

C 

C 


51 


52 

C 


HQ1«IFIX<SCH1<1>> 

HQ2*IFIX<SCH2<1>> 

IF<<DISZ<NQ1>. CT. 0. >. OR. <DISZ<NQ2> . GT. 
NSL* 1 
GOTO 103 

IFCDISZOIQ1). GT. 0. >NSL=»1 
IF(DISZ<MG2>. GT. 0. )HSL=2 
GOTO<103j 102) NSL 


0 . ) >G0T0 100 


CALL STATUQd/ NQl* HS1 
I F< NS1 . GT . 0 >G0T0 104 
GOT 0 d 02< 106>NSL 


HS2.NABSO 


IFCHABSl. EQ. 1JG0T0 105 
CALL USEROIAT, HS1. TIt1d>> 

IFCNS1 . HE. HS2)G0T0 105 
TlMC2>»TItKl> 

GOTO 106 

CALL~STATUQ <2» NQ2* NS?, HS2, HABS2> 
IFCNS2. GT. 0>GOTO 101 
GOTO d 06< 103) NSL 

IF<HABi2. EQ. 1) GOTO" 107 - 
CALL USERCNAT# IIS 2# TIH<2>) 
1F(HS1.HE.NS2)GQT0 107 
TIM<1W1M<2> 


CALL 

GOTO 


INF<LREC,0> 

2 


*********** *************** ****************************** 

j-ANKUNFTS - ROUTINE 
****************** 

IFCKA. EQ. 2) PR I HT 703 
FORMAT <3X> ' AHKUNFT . ' > 

CALL STATUAOIAT, NXA> 

CALL I HF < LREC< HX A) 

IF<DISZ<NXA>. EQ. 2. >CALL INFCLREC* 0> 

1 FCXLAST . NE . 0 . >G0T0 40 

2L ‘ERlTl TTLUN’ g; 03 EINHETT" GLEICH 2UR BEARBEITUNG AUFRUECKT 

. I F< AT< NX A > . NE. 1. )G0T0 53 
IFUQLEHl . EQ. SYSN1 > . AND. <SYSN1. NE. 0. ))G0T0 50 
I F< AT< NX A ) . NE. 2. )G0T0 54 

1F<<QLEN2. EQ. SYSN2) . AND. <SYSN2. NE. 0. >)G0T0 51 
IF<AT<NXA). NE. 3. )G0T0 55 

IFCtQLEHl .HE. SYSND.OR. <QLEN2.NE. SYSN2))G0T0 55 
IFC CSYSN1 . EQ. 0.).OR. ( SYSN2. EQ . 0 . > >G0T0 55 
GOTO 50 

GOTO 52 — 

CONTINUE 

3AUFRUECKEN DER E1NHEIT 2UR BEARBEITUNG 

NQ1=IFTX<SCH1<1)> 

HS1 =NX A 

... CALL UARRLNAT, TIM<3), NXA,NPH, DAUER,KUA, IU1, IU2> 

GOTO 5 

H02=»IFIXCSCH2<1>) 

HS2 a NX A 

CALL UARR<NAT, TIM<3)< NXA,HPH, BAUER, KUA/ !U1. IU2) 

GOTO 6 

CALL UARR <NAT , TI*U3>, NXA/HPH, BAUER, KUA, IU1> I«2) 

GOTO 2 



Key 



1-end of simulation 2-collection of data on task profile for 
output file 


c 

c 

48 


M 


688 

681 

682 


995 




NDE DER SIMULATION 

I.**********.-******** 

CONTINUE 

TEND=»TLAST 

IF<<TIM<C1 ). LT. 10. **30. > . OR. <TIH<2> . LT. 10. **30. >>TEND=TNEXT 

1F<1NAN. CT. 200) GOTO 995 

S3<41) a INAM*l. 

S3< 42) a TEND - 

S3< 58) oDAUER 

83<51>=*T0M 

S3<32)=TDH ^ ' 

S3< 53>=US I 

S3< 54) °USF • r 

S3< 55>=XGA 

S3<56)=E1 - . . 

S3< 57>=E2 

S3< 58) «TE 1 - . 

S3< 59) -TE2 • - 

DO 608 J=61z70 

S3< J) a SCHl< J-69) - - 

DO 601 J = 71.80 N 

S3<J)°SCH2<J-70> 

DO 682 J=l. 20 

1F< < ASTAT < Jz D.EQ. 3. >. OR. < ASTAT <J, 1 > . EQ . 8 . > >S3 <8 1 ) = J* 1 . 
IF<<ASTAT<J/ l). EQ. 4. >. OR. < ASTAT <Ji 1). EQ. 8. ) >S3<82) a J*l . 
DAU=DAUER 

I F<XLAST . NE . 0 . >DAU=TEND 
1F<S3C81).GT. 0. >S3<83)-TIH<1)-DAU 
IF<S3<82).GT. 0.)S3<84) = TIH<2)-DAU 
COHTIHUE _ . 

RETURH - - 

END r . - ■ - • - - ■- • - . 


n 


c 

c 

c 


c 




1 

2 


5 

3 


- ********************* ******************************** ************* 

*- UP INF > SAMHLUNG DER DATEN UEBER AUFGABENVERLAUF FUER AUSGABE-FILE 
♦***************************************************************** 


SUBROUTINE INF CLREC, NARR ) _ 

COM MON/A/ AS TAT <29/ 1 0 > . XKZ< 20 > . ZST AT< 20 > z TZU < 20 ) . TREST<20> • 
COMMON /B/ SC HI < 1 0 ), SCH2< 1 0), QLEH 1, QLEN2 , SYSH 1 , S YSN2» SYSN 
COHHOH/D/SER<20>. SPA<2Q)z SPBC20), XIX<20)z YIY<20>» 

1T1M<4). TNEXT. TLAST, SO<20>. SU<20) 

COMHOH/G/TIIU20O). SI <20 0). S2<2O0), S3 <200> / S4 <208 > , S5C200 ), INAH 
S3<4 1 >=209. 

03< 42) “TNEXT 

INAN=INAN+1 ‘ ••••- 

IF<INAH. LT. 208)G0T0 2 -- • 

IF<INAN. GT. 200)G0T0 999 . 

PRINT 1. TNEXT 

FORMAT <3X.' THE XT »'*F8.2» ' AB HIER KEIHE AUFZE I CHNUNG DES. 

1 ABLAUFtS ' > 

GOTO 999 .. .. 

T IN < IHAN)=TNEXT 


NS1 =8 ’ • 

NS2 a 8 

DO 5 J«*l,20 

IF< ASTAT <J. 1). EQ. 6. 8>NS1=J 

IF< ASTATC J» 1) .'ES. 6. 8)HS2=J .T *•” " 

CONTINUE 
DO 3 J*lz20 

IF<<ASTAT<J/ D.EQ. 3. >. OR. < ASTAT <J. 1). EQ. 8. >) 
1F<<ASTAT<JZ I). EQ. 4. ). OR. <ASTAT<J, 1). EQ. 8. >) 
CONTINUE 


NS 1 a J 
NS2 a J 
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<n 


KSy: ^"P osltl< p nin 5 of an occurring data in the system 

i ° f ta ? k kype 3_if task can onl y be executed 

m KN2; 4— with FCFS discipline 


? 

8 


999 


IFCGLEHl. EQ.SYSM1>NS1=8 
IF<QLEN2. £8. SYSN2>HS2=0 
SKI NAN) =NS1* 1 . 

S2<INAH)=NS2*1. 

S4< I NAN) =0. 

S5< I HAN) = 0. 

IFOIARR. EQ. 0>GOTO 999 
A a FLQAT<NARR) 

DO 7 J=l, 10 

IF<ASTAT<HARR, J) . EQ. 0. >G0T0 8 
J fl J - 1 

IF< ASTAT <NARR, J) . EQ. 7. >S4< IWAN)=A 
IF<ASTAT<NAP.R, J) . EQ . 7. )S5(IHAN)=A 

IF<<ASTAT< HARR, J). EQ. 1. ) . OR. < ASTAT OIARR, J). EQ. 3. ) >S4<INAN> = A 
IF<<ASTAT<HARRZ J). EQ. 2. ). OR. < ASTAT OIARR, J > . EQ. 4. > )S5< I NAN) -A 
COHT INUE 

RETURN ~ - .... - - 

m ..... .w. 






C 

C 

c 


c 

c 

X. 

. c 

b 

c 

c 

c 

c 

c 


c 

c 

12 


c 

c 

21 

22 


************************************************************** 

UP STATUA, POSITION IERUNG EINER AUFTRETEHDEH AUFGABE IM SYSTEM 

****l*******»«>*i*«i***>**l***>**#*l»>**:«**l«*>********,***»!»i**#*******:**,li 

SUBROUTINE ST ATUA< HAT. MX A) 

COHIIOH/Az' ASTAT <20, 10), XKZ < 20 > z ZST AT< 20 ), TZU<20>. TRESTC20) 
C0HM0H/AA/AK20), DISZ<20), AHZX<20 >. XNUH <20> 

COHIIOHz'B/SCHl <10).SCH2<lO>,fiL£Nl,QLEN2. SYSH1, SYSH2, SYSN 
COHMOH/D/SER<20>, SP A< 20 > , SPB < 20 ) , XIX<20>, YIY<20), 

1TIIK4), THEXT, TLAST, SO<20>, SU<20) 

COHHON/F/Xn, XBz XLAS7, UBL <20) 

C0HI10H/G/TIH<20a>. SH200)z S2<280>, $3<200>, S4<200)z S5<280). I NAN 
K A= I FI X< XA) 

KB=IFIX<XB> 

XKZ<NXA)=XKZaiXA>+l. 

NU8L=IF!X<UBL<NXA>> 

NAX=NUMMER BER AIJFGABE. DIE GERADE ERSCH IENEN 1ST. 


STATUS=1, 2 

.STATUSES, 4 .. 

STATUS=5 
STATUS=6 
STATUS=S . 8 
STATUS = 6. 5 
STATUS=? 
STATUS=3 


AUFGhBE IN SCHLHHGE 1 
AUFGABE -IN -SERVER. . .1 


BZtJ 2 

B 2 .2 _ . 

AUFGABE 1ST A3GEARBE ITET 

AUFGABE ZURUECKGESTELLT <BURCH ABS . PRO I R . -AUFG) 

GENE INSAflE AUFGABE, BE! El MEM CM ZURUECKGESTELLT 
GEI1E INSANE AUFGA3E, BE I BEIDEH CM'S ZURUECKGESTELLT 
AUFGABE IN SCHLANGE 1 UHD 2 GLEICHZ. 

AUFGABE IN SERVER l UNB 2 GLEICHZ. 


68 


2, ERK I TTLUHG DES AUFGABENTYPS 

I************************** 

IF<AT<NXA). EQ. 0. > GOTO 10 
IF<AT<NXA>. EQ. 1. ) GOTO 1 1 
IF<AT<HXA ). EQ. 2. > GOTO 12 
IF< AT<NXA ). EQ. 3. ) GOTO 800 

$«EHH AUFGABE NUR IN KN2 ABGEFERTIGT UERDEN KANN! 

«*************»***********************«4*##**«** 

KSCH=»2 

IF<DIS2<NXA>. EQ. 1. > GOTO 20 
IF<D1SZ<NXA>. EQ. 2. > GOTO 200 

1 J MIT FCFS-DIS2IPLIN , 

Do"ii"j=i7i5 

IF<SCH2<J>. EQ. 0. > GOTO 22 
GOTO 950 
SCH2< J)«NXA*1 . 

IF< J. EQ. 1 . > QLEN2=8. 

SYSN2= SYSN2 + 1 . 

QLEN2“QLEN2+1 . 

S YSN a S YSH + 1 . 

SYSHT=SYSHT + 1 . 

DO 60 J<=1, 10 

I F< AST AT <HXA« J ) . EQ . 8. >GOTG 61 

CONTINUE \ 
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Key: 1-with LCFS discipline 2-absolute prior.ity 3-determine content 
of server two 4-elements of loop one are set back one place 

5- content of server two is set back to the 1st place of loop 2 

6- set the status of the reset single task 7-set the status of 
the reset, joint task and service time from KNl temporarily to 
infinity 8-priority task NXA is set into server 2 




r' 


SI ASTAT<NXA, J>“2 . 

IF<ASTAT<NXA< NU 8 L> . EQ . 0. >G0T0 13 
62 - WRITE <7. 60O>HXA. NXA/ NUBL, < AST AT (MX A, J>, J*l, NUBL> 

IFCKA. EQ. 2 > P R I N T 603, NXA, NXA, NUBL. <AST AT<NXA, J>. J=1,HUBL> 

608 F0RHAT<3X, '♦♦♦SYSTEM 1ST MIT AUFG. ',12,' UEBERLASTET ***', 

Is, 3X, '*** ASTAT<', 12, 1. .. ', 12, ' > = ',10F6.0,' *■**') 

XLAST=FLOAT<NXA> 

S3< 108+HXA)=S3<100+HXA>*I. 

GOTO 13 

C 1 MIT LCFS-DISZIPL1N . 

C * ^ 

20 DO 23 J=l, 10 

23 IF<SCH2< J>. EQ. 0. > GOTO 24 

C0T0 950 

24 1FCJ.EQ.1.) QLEN2=0. 

IFCJ.EQ. 1. > GOTO 25 

26 SCH2<J>=SCH2<J-1> ...... 

J a J“l • 

1FCJ. GT. I . > GOTO 26 

25 SCH2 < 1 >=MXA*1 . . 

8YSN2=SYSN2+1. 

SYSH=SYSN+1 . • 

SYSNT=SYSNT+1. - 

QLEN2=QLEN2+1. ------ 

DO 64 J=l, 10 ... 

I F< AST AT< NXA< J>. EQ. 8 . >G0T0 S5 

64 CONTINUE 

65 AST AT< NX A, J ) = 2 . - -- - 

. IF<ASTAT<NXA, NUBL). HE. 0. >G0T0 62 

GOTO 13 

C 1 ABSOLUTE PRIORITAET. - 

0 . . 

208 CONTINUE 

C. 3BEST IHHUNG DES INHALTES VON SERVER 2 . r . .... 

2(f 1 NS2 = 0 - --. 

DO 2010 J = 1 , 28 . 

2010 IF<ASTAT<J< 1>. EQ. 6 . 8 ) NS2=J 

DO 202 J=l, 20 

202 IF<<ASTAT< J, O.EQ. 4.).0R.<ASTAT<J« O.EQ.8.>)NS2=J 

C SERVER 2 LEER ? 

. I F < NS2 . EQ. 0 )G0T0 210 

C ^ELEHENTE DER SCHLANGE 1 UERDEH UN EINEH PLAT2 ZURUECK- 

C GESET2T, 

DO 203 J*l, 10 •••;.. 7' 

203‘ 1F<SCH2< J). EQ. 0. >G0T0 284 

GOTO 950 - - 

284 IF< J. EQ. 1 >G0T0 2042 — • 

2041 SCH2<J)=SCH2<J-1> .. . . 

x J=J-1 

IF< J. GE. 2 )G0T0 2041 

C CINHALT DES SERVER 2 WIRD AUF DEN l.PLATZ DER SCHLANGE 2 

C J ZURUCKGESETZT . 

2042 SCH2<D = NS2*1. 

I F< AST AT <NS2, J). HE. 6 . 8 >J.RE$T <NS2> =TIM< 2 >-TNEXT 
QLEN2=QLEN2+l . 

. 1 F< AST AT < NS2, O . NE . 6 . 8 > GOTO 2011 

AST AT< NS2, 0 = 6.9 

GOTO 210 . . 

2011 / IF< ASTATCNS2. 1). EQ . 8 . 7G0T0 221 

C._ ,.^feS£X2EH_DES -STS-Tll S_ D ER -»2.UR.'J ECXGESETZT.EM JEJLMZEJLrflUJf GABEr^. ^ 

AST AKNS2, 0 = 6 . 

GOTO 210 

C 7 SETZEH DES STATUS DER ZURUECKGESETZTEH GEMEINSAMEN AUFGABE, 

C * SOU I E SERVI CE-ZE IT VOH KNl VORUEBERGEHEND AUF UNENDLICH, 

221 ASTAT<NS2, 0 = 6. 8 

_ TIM<1> = 10. *>*29. 

C o VORRrtilGI GE AUFGABE NXA WIRD IN DEN SERVER 2 GESETZT. 

210 SYSN2*SYSN2+1. 

SYSH=SYSN+1 . 

SYSNT=SYSNT+1. 

CALL USER<NAT, NXA. TIH<2>> 

TN“T IM<2) .._ ... 
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Key : 


1- check whether task NXA is already present in thesystem 

2- seek the second NXA in the loop 3-cancel move back the 
remaining loop 4-if task can only be executed in channel 
5-with FCFS discipline 6-with LCFS discipline 


C 

c 

c 

c 


c 

c 


503 

502 

504 


910 

501 


1 PRUEFEH, OB AUFCABE NXA BEREITS IM SYSTEM 

■** VORHANDEN, ALSO AST AT( NXA, 1 > = 6. (WEGEH DISZ = 2. > 

I F( AST AT (NXA. 1 ) . HE . 6. >G0T0 501 

NXA BEREITS VORHANDEN UN I) ZURUECKGESTELLT, 

BEAUFSCKLACUNG DER SERV I CE-DAUER VON NXA UH TREST 
TR*TR£ST (NXA) 

T1M(2>=TIH(2>+TREST(NXA) 

TRE S T ( NX ft ) = 8 

2-AUFSUCHEN DER DOPPELTEH NXA IN DER SCHLANGE 
3L0ESCHEN UND HACHRUECKEN DER RESTL. SCHLANGE 
DO 502 J=l, 9 

IF(SCH2(J>. HE. (NXA*1. )>GOTO 502 
DO 503 K = J, 9 
SCH2(K>=SCH2(K*1> 

GOTO 504 
CONTINUE 

IF( SCH2( 1 0> . EQ. <NXA*1. > > SCH2 ( 10 >°0 . 

QLEN2=0LEN2-1. 

SYSN2=SYSN2-1. 

SYSH=SYSN— 1 . 

8YSNT*SYSNT-1. 

IF(KA. EQ. 2>PRINT 9 1 0, NX A, TH, TR, TI H (2 > A1I __ , T , . 

FORHAT(3X, ' ***DOPPELTES AUFTRETEH DER ABS . PR IOR. AUFG. ' , 13, ' 
13X, ' ***URSPRUENGL I CH VGRCESEHENES TIH(2>, ',F8.2,/» 

13X, ' ***BEAUFSCHLaGUNG DURCH TREST . ',F0.2,/', 

13K, ' ***RESULT IERENBES T1M(2> i '*F8.2> 

AST AT( NXA, 1 ) = 4 . 

GOTO 13 


C 

c 

11 


c 

c 

31 

32 


66 

6? 

C 

904 


30 

C 

C 

33 

34 
36 

35 


69 

70 


H UEHN AUFG ABE HUR IN KAHAL 1 ABGEFERT IGT UERDEN KANN 

*************************************************** 

KSCH=»1 

I F( D I SZ( NXA > . EQ. 1. ) GOTO 30 
IF(D1SZ(NXA).EQ.2. > GOTO 258 

5 MIT FCFS-DISZIPLIH . 

DO 31 J*l, 10 

IF(SCH1( J). EQ. 0. ) GOTO 32 

GOTO 950 

SCH 1 ( J ) = NXA*l . 

IF(J.EQ. 1. ) QLEN1=0. 

SYSH l=SYSNi +1 . 

OLEN 1 S GLEN1 +1 . 

SYSH=SYSN+1. ‘ 

SYSNT=SYSNT + 1 . 

DO 66 J*l, 10 

1F(ASTAT(NXA, J>. EQ. 0. )GOTO 67 

CONTINUE 

AST AT< NX A , J >* 1 . 

IF(ASTAT(NXA, NUBL) . HE. 0. > GOTO 62 
URITE(7. 904KSCH1(J>, J=*l, 10>, SYSH1,0LEN1 
FORMAT <3X, ‘ STATUA , VOR -GOTO 13-',£, 

13X, 10F4. 0, /, 3X, 'SYSN1=', F3. 0, X, ' QLENi = , F3. 0> 

GOTO 13 
CONTINUE 

(a MIT LCFS-BISZIPLIH 
DO 33 J=l, 10 

IF(SCH1( J). EQ. 0. ) GOTO 34 
GOTO 950 

1FCJ.EQ. l.> QLEH 1=0 . 

IF( J. EQ. 1 . ) GOTO 35 
SCH1(J)=SCH1(J-1) 

J*J-1 

lFCJ.GT. 1 . > GOTO 36 
SCH1 <1 ) = NXA 
QLEH 1 = QLEN1 +1 . 

SYSN1=SYSN1+1. 

SYSN=SYSN+l. 

SYSNT“SYSNT + 1 . 

DO 69 J=l, 10 

I F( AST AT(NXA, J ). EQ. 0. )GOTO 70 

CONTINUE ! 

AST AT( NXA, J>* 1 . 

IF(ASTAT(HXA,NUBL).HE.0. > GOTO 62 
GOTO 13 



Key: 1-with absolute priority 2-determine content of server 1 

3-set the status of the set-back single tasks 4-set the status 
of the set-back joint task and set service time of KN2 tempor- 
arily to infinity 5-priority task NXA is set into server 1 
6-check whether task NXA is already in the system 7-NXA 
already present and set-back. Addition of TREST to the service 
time of NXA 8-seek the second NXA in the loop 9-cancel and 
set-back the remaining loop 


C 1 MIT ABS. PRIOR 

C - J- . _ . -y 

230 . COHTIHUE 

C ..l^BEST IMMURE.. DEa .IHHflLJES. VQM. SERVER_.l a. 

251 HS1 =8 

DO 2510 J=l, 20 

2510 IFCASTATCJ, 1). E9. 6. 8>NSi=J 
DO 252 J=l. 20 

232 I F< < ASTAT < J, 1> . EQ. 3. > . OR. C ASTAT CJ, 1 > . EO . 8 . > >NS l*> J 

C SERVER 1 LEER ? 

1FCNS1 . EQ. 05GOTO 211 

C ELEHEHTE DER SCHLAHGE 1 UERDEH Ufl EIHEH PLATZ ZURUECK- 

C GESET2T. 

DO 253 J=l. 10 . 

253 IFCSCHK J>. EQ. 0. )G0T0 254 

GOTO 953 

254 IFC J. EQ. 1 1G0T0 2542 

2541 SCH1<J)=SCH1CJ-1> • 

1FC J. GE. 2>G0T0 2541 

C IHHALT DES SERVER 1 HIRD AUF DEH l.PLATZ DER SCHLAHGE 1 

C ZURUCKGESETZT » 

2542 SCHK1> = NS1*1. 

I FC AST AT ( NS 1 » 1 ) . HE . 6. 8> TREST CHS 1> =TIMC 1 >-THEXT 
QLEH 1 = 0LEHI +1 . 

IFCASTATCNS1, 1 ) . HE. 6. 8> GOTO 2511 
ASTATCNS1, 1 > = 6. 9 
GOTO 211 

2511 „ I F< AST AT < HS 1 1 1 >. EQ . 8. )G0T0 231 

C 3SETZEH DES STATUS DER ZURUECKGESETZTEH EIHZEL-AUFGABE: 

ASTATCHS1, 1>=6. 

..GOTO 211 

C 4SETZEH DES STATUS DER ZURUECKGESETZTEN GEtlE I HS AHEH AUFGABE, 

O 'SOU IE SERVI CE-2E IT VOH KH2 VORUEBERGEHEHD AUF UHEHDLICH, 

231 ASTATCH31, 1 > = 6. 8 
T 1H C2> = 1 0 . **28 . 

C SVORRAHCIGE AUFGABE HXA W1RD IH DEH SERVER 1 GESETZT. 

211 SYSH 1 = SYSN1 +1 . 

SYSH=SYSN*1. - ' - ' "■ 

S YSNT=SYSNT + 1 . 

CALL USERCHAT, HXA. TIHC1>> 

TH= T IM < 1 > 

C U PRUEFEH, OB AUFGABE HXA BEREITS IM SYSTEM 

C VORHANBEH, ALSO AST A T C HX A. 1 > = € . ( UEGEH DISZ = 2.) ' ... 

IFCASTATCHXAi 1). HE. 6. )GOTO 505 
C t HXA BEREITS VORHAHDEN UHD ZURUECKGESTELLT , 

C ' BEAUFSCHLAGUHG DER SER V I CE-DAUER VOH HXA UM TREST 

TR=TRESTCHXA> 

/ TIH<1>=TIMC1)+TRESTCHXA> 

_ TREST CHXA ) = 0. ... 

C IaUFSUCHEN DER DOPPELTEH HXA IN DER SCHLAHGE 

C SLOESCHEH UHD NACHRUECKEN DER RESTL. SCHLANGE 

DO 506 J=l, 9 

I FCSCH 1 C J ) . NE . CHXA* 1 . > > GOTO 506 

DO 507 K=*J. 9 — ..... . 

507 SCH1 <K>=SCH1CK+1> 

GOTO 508 

506 CONTINUE 

508 IFCSCHIC10). EQ. CHXA*l . ) >SCHIC10>n0. 

QLEH l=GLENi-l . 

SYSH 1=SYSN1 -1 . 

SYSM=SYSH-1. • * - 

' SYSHT=SYSHT-1. 

IFCKA. EQ. 2>PRIHT 999, HXA, TH. TR, TIMC1 > 

909 F0RHATC3X, ' ***DOPPELTES AUFTRETEH DER ABS. PRIOR. AUFC. 13, • i f, 

13X, ' * ** URSPRUEHGL I CH VORGESEHEHES TIHC1), ',F8.2,/, 

13X, '***8EhUFSCHLAGUHG DURCH TREST , ',F8.2,', 

13X, ****RtSULT IEREHDES TIMC1) « ',F8.2> 

505 AST ATC HXA, 1 > = 3 . 

C0T0 13 



o 


Key: 1-if task can be executed by both channels (either/or), it 
is given to the smaller loop 2-which loop. is shorter 

3- if task must be executed simultaneously in both channels 

4- assume FCFS discipline 5-print out 




o 


c 

c 

c 

c 

c 

ig 

41 

42 


43 

44 


C 

C 

C 

C 

C 

808 

861 


802 

»rvr 

, 883 
’ 804 
' 805 


808 
' 807 

N. 

c 

950 

951 


C ' 
C 

13 


• 50 


51 


1WEHN AUFGABE VON BEIDEH KANALEN ABGEFERTI GT MERBEN 
> <EHTUEDER^0DER> .WIRE SIE RDF KLE I HERE SCHLANGE GEG 


KAHN 

EBEN 


*************************»***********************»***** 

2WELCHE SCHLANGE 1ST KUERZER ? 

DO 41 J=l. 10 

IFCSCH1CJ). EQ. 0. >G0T0 42 
J1«J 

DO 43 J=1.10 

IFCSCH2C J>. EQ. 0. >G0T0 44 
J2“ J 

IFC Jl. LE. J2> GOTO 11 
IFCJ1.GT.J2> GOTO 12 
GOTO 13 


1 HEHH AUFGABE IN BE I DEN KANAELEN GLEJCHZEITIG ABGEBERT I GT 
WERDEN MUSS 

************************************** ****** ************ 

ANNAHME FCFS-D ISZ IP.LIN 

KSCH a 3 

IFCDISZC NXA > . NE. 0. >PRIHT 801/ NXA, D1SZCHXA) 

FORMAT <3 >!/ ' FALSCHE AHHAHME VON FCFS ! ' , 3X. 

1 'DIS2C' . 12/ ' >= F2. 0> 

DO 802 J=l, 10 

IFCSCHK J>. EQ. 0. >G0T0 803 


SCH1<J>=NXA*1. 

DO 804 J= 1, 10. 

IFCSCH2CJ). EQ. 8. >G0T0 885 

GOTO 950 

SCH2CJ>=NXA*1. 

SYSH 1 “SYSNl +1 . 

SYSN2=SYSN2+i . 

BYSN=SYSN+1. 

BYSNTaSYSNT+1. 

QLEN1 = QLEN1 +1 . 

CLEN2=QLEN2 + 1 . 

DO 80S J = l, 10 

IFC ASTATCNXA, J). EQ. 0. >G0T0 807 
ASTATCHXA/ J>=7. 

IFC ASTATCNXA/ HUBL>. NE. 0. >G0T0 62 
GOTO 13 

ABBRUCH BEI UEBERL ASTUHG DER SCHLANGE 
IFCKA. EQ. 2> PRINT 95 1. TNEXT. NXA/ KSCH 
URITEC7. 951 >T NEXT/ NXA# KSCH 

F0RMATC3X. 'TNEXT=', F8.2, ' STATUA. ABBRUCH BEI AUFTR ITT 
l'VON AUFGABE'/ 12. ' DURCH UEBERLASTUMG VON SCHLANGE'. I2> 
XLAST=FLOATCHXA> 

RETURN 


S' AUSDRUCK 
******** 

CONTINUE 
HS1 =0 
NS2 = 0 

DO 50 J° 1 . 2 0 

IFCASTATCJ. 1>. EQ.6. 8>NS1=J 
IFC A ST AT C J. 1> . EQ. 6. 0>NS2»J 
CONTIHUE 
DO 51 J= 1 . 20 

IFCCASTATCJ. 1 > . EQ. 3). OR. CASTATCJ. 1>. EQ. 8. >> NS1=J 
IFC C ASTAT ( J. 1>.EQ. 4>. OR. CASTATCJ. 1>. EQ. 8. >> NS2=J 
CONTINUE 

IFCQLEN1. EQ . SYSN 1 > NS1 =0 
IFCQLEH2. EQ. S YSH2> NS2=0 
CALL AUSCNS1. HS2> 

RETURH 

END ... 
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Key: 1 repositioning of tasks in the waiting loop 2-STATUQ checks 
whether the element moving into the server is dependent on 
other tasks of states. If so, the element is set to the end 
of the loop 3-loop one 4-first element is loop one is checked 
5-first element is dependent, the other task is not yet com- 
pleted. The element is set to the end of the loop 6-print out 


• i|******************V*:***************:**********>k*********** 

lUP STATUQ / UMPOS IT I OH IERUHG DER AUFGABEN IH DER U ARTESCHLANGE 

tt************************************************************ 

O STATUQ UEBERPRUEFT, OB BAS IH DEN SERVER UANDERHDE ELEMENT 
‘“VON AMNDREH AUFGABEN ODER ZUSTAEHDEN ABHAENGIG 1ST <AAZ. ZAZ), 
MENU JA, UIRD BAS ELEMENT AN DAS ENDE DER SCHLANGE GESETZT. 

SUBROUTINE STATUQ<NSX, NQ, NSI, NS2» NABS) 


C 

C 

C 

C 

1 


230 


C 

C 

C 

C 

200 

30 

31 
C 


32, 


50 

51 


52 


COMMON /Ax ASTAT (20, 10), XKZ<20), ZSTAT< 20), TZU<20>, TREST <20 > 
COMMON /A A/ A T( 20) , DISZ (20 ), HNZXC20 > , XNUM ( 20) 

C0MM0H/B/SCH1 < 10 ). SCH2C 1 0), QLEN 1, QLEH2, SYSN1, SYSN2, SYSN 
COMMON /C/ A A Z < 20 ), APAC 20), APB < 20 >. ARR < 2 0 > , ZAZ <20) , AO <20 >, AU < 20 > 
COMMON /D/SER< 2G), SP A< 20 > , SPB <20 ), X IX <20 ), YI Y <20>, 

1 T I M <4 ). TNEXT . TL AST, SO<20), SU<20> 

COHHOH/F/XA. XB, XLAST, UBL<20) 

KA=IFIX<XA> 

KB=IFIX(XB> . - 

HABS=0 

ABFRAGE DER SCHLANGEi ' . . 

G0TQ<1, 5)NSX 

^SCHLANGEI. 

********************************************4**************** 

H ERSTES ELEMENT IN SCHLANGE 1 UIRD UEBERPRUEFT* ■ 

44«44********44****4***********i**4444*4*44*444 

I F< < AAZC NO) . EQ . 0 . > . AND. < ZAZ<HQ) . EQ. 0. ) )GOTO 11 
K“IFIX<AAZ<NQ) ) 

IF<K.EQ.0)GOTO 230 - 

IFCASTAKK, 1). NE.5. > GOTO 200 
K=IFIX<ZAZ<NQ) > 

IF<K . EQ. 0 >GOTO 11 
IF<ZSTAT<K).EQ.2.)G0T0 200 

GOTO 11 • 

-ERSTES ELEMENT 1ST ABHAENGIG, DIE ANDERE AUFGABE NOCH 
SHICHT FERTIG. DAS ELEMENT UIRD ANS ENDE DER SCHLANGE 
GESETZT. 

DO 30 J=l, 10 

IFCSCHKJ). EQ. 0. ) GOTO 31 

CONTINUE ’ 

SCH1 < J ) = SCH 1 < 1 ) 

AUFRUECKEH DER SCHLANGE 
JH= J-l 

DO 32 J=1,JM 

— SCH1XJO-SCHUJ+1-) 

CONTINUE 

SCH1 <JM+1 ) = 0. ■ - • • •’ 

DO 58 J=l, 10 

IF<ASTAT<NQ,J).EQ. 0 . >G0T0 5i 
JH-J 

ASTAT<NQ, J)=ASTAT<NQ, 1) 

DO 52 J=1,JH 

ASTATCNQ, J)=ASTATCNQi J+’O 


C. 

C 


4 AUSDRUCK 


799 

800 


NQ-SCHK1) 

JOT-1 

IF<KA. GT. 0)URITE<7. 997) JOT 1 " 

IF<KA. EQ. 2>PRINT 997, JOT 

HS1-0 

NS2-0 

DO 799 J»l, 28 

IF<ASTAT<J, 1). EQ.G. 8)NS2*J 
DO 880 J=l, 20 

IF< < ASTAT < J, 1) . EQ. 4. >. OR. <ASTAT<J, 1) . EQ . 8 . > > NS2- J 
I F< QLEH2 . EQ . 3Y SN2) NS2 B 0 
CALL AUSCNS1, HS2 ) 
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Key: 


1- check wheter any element can be processed in the loop 

2- first element of loop one is set into server 1 

3- single element is set in server 4 -the part of a joint task 
to be set into the server had been set back; compute remaining 
service time in both servers 5-reset part of joint task is set 
in server 6-move other elements in the loop back 7-determine 
the element in the 2nd server 8-print out 


c 

c 

c 


361 

699 

?00 

702 


783 

701 


C 

C 

11 

C 

C 


C 

220 


528 

C 

C 

C 


C 

C 


4000 


C 

2 

3 

4 

521 

C 

861 

798 

C 


1 UEBERPR'JEFUNG. OB UEBERHAUPT EIH ELEMENT DER SCHLflNGE 
J-ftBUEfERTlGT UtRDtH KAHN _ 

DO 7e8 J=l, 10 
K«IFIX<3CHKJ>> 

1F<<- EQ. B ) GOTO 702 
L«IFIX<AA7CK> > 

M»IFIX<2rtZ<K>> 

IF<L. EQ. 0. AND. M. EQ. 05 GOTO 701 
IF<L. EG. 0) COTO 301 
IF<ASTAT<L> 1). HE . 5 . ) GOTO 699 
.. IF<M. EQ. 0 )G0T 0 701 • 

IFTZST.TTOO. E0.2. > GOTO 699 

GOTO 701 

CONTINUE 

COHTIHUE 

CONTINUE 

IFCKfl. GT. 8>URITE<?» 78 3> 

IFTKft. EQ. 2 > PR I NT 733 

FORMAT <3X» *KE I N SERVICE IN SCH1 MOEGLICH') 

RETURN ... 

COHTIHUE 

GOTO 1 

2-ERSTES ELEMENT DER SCHLflNGE 1 UIRB IN DEM SERVER 1 GESETZT 
* + ***■******* + + *****■ + *#* + ***** + **■*■ *********** **** 

I F< ATC HD > . EQ. 3. 5G0T0 523 
IF<ASTRT<HQ, 1 ) . HE. o. JGOT0 220 

DAS IN DEH SERVER 2U SETZSHL'E E I MZEL -ELEMENT WAR 
ZURUECk’CESTELLT UORDEH, 3EF.ECHNUNG DER P.ESTL I CHEN SEF.VI CE-ZE IT : 

tim<i>=tnext+trest<;ng5 

TREST<NQ >=0. 

H ABS a 1 

3EINZELNES ELEMENT UIRD IN SERVER GESETZT 
RSTOTCHO, 1 > a 3. 

NS1 -NQ 
GOTO 2 

I F< AST AT < NQ, D . NE. 
ii BER IN DEH SERVER 
“ WAR ZURUECKCES 
ZEIT IK BE I DEN 
TIH<l>=TNEXT + TREST<H£l> 

TIHC2)=TIMC1) 

TR£ST< NQ ) =0 . 

HABS a l 

rzURUECKGESTELLTER TEIL 
SERVER GESETZT 
AST AT (NQ, 1 > “8 . 

NS1 -NO 
GOTO 2 

IF(ASTAT(NQ, 1 > . NE. 6 . 95C0T0 
TlH<l) c 10. , t"*20. 

NABS= 1 
NS1 -NO 

(o NACHRUECKEN^DER ANDEREN ELEttENTE IN DER SCHLflNGE 
DO 3 J=l. 10 

IF(SCHKJ). EQ. 0. 5G0T0 4 
JMAX a J 

DO 521 J — 1 , JMAX-1 
SCH1 <J> = SCH1C J + l ) 

.» QLE H 1 -GlENi -1 . 

7ERMITTLUKG DES ELEMENTES IM 2. SERVER 
HS2 = 0 

DO 801 J»l, 20 

IF(ASTAT(J, 1). EQ.6. 8>NS2=J 
DO 798 J= 1, 20 

IF( < AS7AT < J, 1 >. EQ. 4 . OR. CASTAKJ, 1 ) . EQ . 8 . > >NS2= J 
„ IFCQLEN2. EQ.SYSH2>NS2=0 
S AUSDP.UCK 
JOT-2 

I F( KA. GT. 0> UR I TE <7 » 9975 JOT 
I F(K A. EQ. 25 PR I NT 997, JOT 
CALL AUS<NS1, NS25 
GOTO 26 


6.85G0T0 4000 

2U SET2ENDE TEIL EIHER CEHEI NS AMEN 
i ELL T tJORBEH, BERECHHUHU DER RESTLICHEN 
SEKVERH, 


AUFGABE 

SERVICE- 


DER CEKEINSAMEH AUFGABE UIRD IN DEH 


400 



o 




Key: 1-server 1 is free. Check whether server 2 is also free for 
joint task 2-server two is also empty 3-server two is full 
4-check whether there is any task in loop one which can only 
be processed in server one 5-loop two 6-first element in 
loop 2 is checked 7-first element is dependent, the other 
task is not yet finished. The element is set to the end of 
the loop 8-advance the loop 


c 

c 

c 

460 

461 
C 


516 

511 

512 


C 

C 

402 

C 

C 


399 

568 

426 

* 

56 ! 

795 


/ 


231 


C 

C 

C 

C 

26 ! 

48 

41 

C 


42 


53 

54 


1 SERVER 1 1ST FRE I . PRUEFUNG. OB SERVER 2 FUER 
"*■ GENE INSAME AUFGABE E8EMF ALLS FREI 1ST. 

*<Mcl*>**l»* + J**>*«lltl*lf<l***>*»H***>*»<I«»M«**>********>M>>M‘** 

DO 401 J a l< 20 

I F< < ASTAT < J, 1 ) . EQ. 4 . >. OR .< ASTAT <J. 1 > . EG . 8 . > > GOTO 402 
2SERVER 2 1ST AUCH LEER. 

IF<SCH2<1>. EQ. <HQ*1. >>G0T0 403 

SCH2 MUSS UMGEQRDNET UERDEH: 

DO 510 J=l» 10 

1F<SCH2<J>. EQ. <NQ*1. >>G0T0 511 
CONTINUE . ^ 

JC= J . 

DO 512 J = l< JC-1 ... 

SCH2<JC+1-J)=SCH2< JC-J) 

SCH2 < l > = NQ* 1 . ■ ’ 

. GOTO 403 

7 ) SERVER 2 1ST VOLL. 

IFC0LEN1 . LE. 1 . >G0T0 420 

U UEBERPRUEFUNG OB Irl SCH1 UEBE.RHAUPT El NE AUFGABE VORHANDEN/ 
'DIE HUR IN SERVER 1 BEARBE IT ET UERDEH KOENHTE. 

DO 500 J-2< 10 
1FCSCHK J>. EQ. 6. >G0T0 500 
HAUF-IFIXCSCHl <J>> •- 

I F< AT CHAUF > . E Q . 3 . ) GOTO 580 ' ' v - 

. L«IF1X<AA2<HAUF> ) . 


H=IFIX<ZA2<HAUF>> 

IF<<L. EQ. 9>. AND. <H. EQ.0>>G0T0 200 

1FCL.EQ. 0 >G0T 0 333 

IF<ASTAT<L< 1 > . HE. 5. ) GOT 0 500 

I F < M . E Q . 0 >G0T0 200 

IF<ASTAT<M< 1). EQ. 5. )G0T0 268 

CONTINUE 

HS1 =9 

DO 501 J=l<26 
IF<A3TAT<J< 1). 

DO 795 J=l, 20 


EQ. 6 . 8)NS2°J 


<ASTAT < J< 1>. EQ. 8. >>NS2=J 


IF<<ASTAT<J< 1 > . EQ. 4 . > . OR 
IF<QLEN2. EQ. SYSH2)NS2=0 
IF<KA. GT. 8 > UR ITE <?< 703) 

I F< KA. EQ . 2 > PR I NT 703 
CALL AUSCNS1, NS2> 

GOTO 26 


S8CHLANGE 2= 

GERSTES ELEMENT IN SCHLANGE 2 UIRD UEBERPR'JEFT. 

♦ I******-*******-***#****** ■*■♦*•*>*****>» + rtf****** 1 ** 

1F< < AA2<HQ> . EQ. 0. >. AND. <2A2< HQ ) . EQ . 0 . >>G0T0 22 
K«=1FIX<AA2<H0>) - 

IF<K . EQ. 0 )G0T 0 231 .... 

IF<ASTAT<K< 1). HE. 5. > GOTO 201 ' 

K=1FIX<2A2<HQ>) 

IF<K. EQ. 0>G0T0 22 . ....... . 

IF<ZSTAT<K>.EQ.2.)G0T0 201 . : , 

GOTO 22 

-ERSTES ELEMENT 1ST ABH AENG I G < DI E ANDERE AUFGABE HOCH 
7NICHT FERTIG. DAS ELEMENT UIRD ANS ENDE DER SCHLANGE 
GESET2T. 

DO 48 J a l,10 

IF<SCH2< J>. EQ. 0. ) GOTO 41 
CONTINUE 

„ SCH2 < J > = SCH2< 1 > 

?AUFRUECK£N DER SCHLANGE 
JM a J-l 

DO 42 J= 1 < JM 
SCH2<J)=SCH2< J+l > 

CONTINUE 
SCH2<JM*1 >=0. 

DO 53 J=l< 1 8 

1F<ASTAT<NQ< J ) . EQ. 0 . > GOTO 54 » 

JM® J ... — - --V. ’ 
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p 


Key: 1-check whether any element of the loop can be processed 

2- first element of loop 2 is set into server 2 

3- single element is set into server 4 -the part of a joint task 
to be set into the server had been set back; calculate the remain- 
ing service time in both servers 5-reset part of joint task is 
set into the server 




55 

C 

C 


ASTAKHQ, J)“ASTAT<NQ, 1) 

DO 55 J=1,JM • 

AST AT <NQ, J)=»ASTAT<NQ, J+i> 
AUSDRUCK 

NQ=SCH2< 1 > 

J0T = 3 

1 F< K A. CT. 0>URITE<?» 997) JOT 
IFCKA. EQ. 2>PRINT 997, JOT 
HS1 c <3 


797 

862 


C 

C 

C 


HS2= 0 
DO 797 


JM, 20 


IF<ASTAT<J< 1) . EQ. 6. 8)NS1=J 

IF<<ASTAT<J?1).EQ. 3. ).OR.<fiSTAT<J» 1>.EQ.8.)>NS1 : 
IF<QLEH1 . EG. SYSUl>HSl--0 

1C ALL. AllS C NS Lt. W S2_i 


366 


698 
: 704 
786 


707 

705 


; C 

. C v 

i 22 

C 

C 


C 

221 


570 

C 

C 

C 


C 

C 


4848 


UE8ERPRUEFUNG, OB UEBERHAUPT El H ELEMENT DER SCHLAHGE 
ABGEFERT 1 GT UERDEII KAHN 

DO 704 J=»l, 18 
K a IFIX<SCH2<J)) 

IF<K. EQ. 0) GOTO 786 
L=IF1X<AA2<K> > 

N-IF1X<2A2<K>> 

1FCL.EQ. 0. AHD. M. EQ. 6> GOTO 705 
1FCL.EQ. 0> GOTO 388 ^ • 

1FCASTAT<L, 1 7 . ME . 5 . ) GOTO 698 
I F<H . EQ. 0 )G0T0 705 
1F<2STAT<H).EQ.2. > GOTO 698 
GOTO 785 
CONTINUE 
CONTINUE 
CONTINUE 
IFCKA. GT 
IFCKA. EO 
F ORMAT <3X 
RETURN 
CONTINUE 
GOTO 5 


0 ) UR I TE <7# 707) 
2 > P ft I H T 787 
KEIH SERVICE 


IN SCH2 MOEGLI CM' > 


UIRD IH SERVER GESETZT 


2 ERSTES' ELEMENT DER SCHLAHGE 2 UIRD IN DEN SERVER 2 GESETZT 
************************ + *************************** + **** + * 
IFCATCNQ). EQ. 3. >G0T0 570 

1F<ASTAT<HQ, 1 >. HE. 6. >GOTO 22 1 

DAS IH DEN SERVER ZU SETZEMDE E I NZEL-ELEMENT UAR 
ZURUECKGESTELLT UORDEN. bERECHNUNG DER RESTL I CHEN SERV I CE-ZE 1 T : 
T1M<2) = T.NEXT + TREST < NQ > 

TREST<HO)=0. 

li ADO - < 

3 EIHziLNES ELEMENT 
AST AT <NQ, 1>«4. 

NS2=H9 

GOTO 23 

I F< AST AT < NQ, 1 ) . HE. 6 . 8 )G0T0 4840 _ 

LI DER IH DEM SERVER ZU SET2ENDE TEIL EINER GEMEI NS AMEN AUFGABE 
” UAR ZURUECKGESTELLT UORDEN, BERECHNUNG DER RESTLICHEN SERVICc- 
ZEIT IN BEIBEN SERVERH, 

TIH<2>=TNEHT*TREST CNQ) 

T1H<1)=TIM<2> 

TREST<NQ)=0. 

WHABS=1 

5> ZURUECKGESTELLTER TEIL DER GEMEINSANEH AUFGABE UIRD IN DEN 
SERVER GESETZT 


AST AT<H3, 1 > =8 . 

HS2=NQ 

GOTO 23 

IFCASTATCHQ. 1 > 
TIM<2>=10. **20 
H ABS= 1 
H S 2 = N 9 

AST AT<HQ, 1)»6. 


NE. 6. 9)G0T0 484 


8 


125 



Key: 1-set-back of the other elements in the loop 2-determine the 
element in the 1st server 3-printout 4-server two is free. 
Check whether server one is also free for joint task 5-server 
one is full 6-check whether there is any task in _ loop two 
which could only be processed in server two 7- joint task moves 
up in both servers 8-advance of the queues 


c 

23 

24 

25 


571 


883 

796 

C 



568 

561 

562 

C 

C 

40 6 .. 

C 

C 


449 

550 
421 

551 
7.94 


C 

C 

483 


C 

C 

487 

488 
409 


Ihachruecken DER AMDEREH ELEMENTE IN DER SCHLANGE 
DO 24 J=l, 10 

. IFCSCH2C J>. EQ. 0. >G0T0 25 

JHAX= J . 

DO 571 J» I. JM AX- 1 
SCH2<J) = 3CH2< J + l > 

„ QLEH2=GLEM2-1 . 

2.ERKITTLUNG DES ELEHEH7ES IM 1. SERVER 
NS1 =8 

DO 883 J= 1# 20 

IF<ASTAT<J< 1) . EQ. 6. 8) NS 1=J 
DO 796 Jo i, 20 

IFC<ASTAT<J< 1).EQ. 3. > . OR. CAST AT <J, 1 > . EQ. 8. > >NSl a J 
IFC0LEH1. EQ . SYSN 1 > NS1 =8 
3 AUSDRUCK 
JOT = 4 

IFCKA. GT. 0>URITE<7, 99?) JOT 
I F C K A. EQ . 2> PR I NT 997, JOT 
CALL AUSCNS1, NS2 ) . , 

GOTO 26 


/, SERVER 2 1ST FRE I . PRUEFUHG, OB SERVER 1 FUER 
T GENE INSANE AUFGABE EBEHFALLS FREI 1ST. 

********************************************* 

DO 405 Jo 1, 20 

1FCCASTAT CJ, 1>.EQ. 3. >. OR. CASTATCJ, 1) . EQ. 8. ) >G0T0 486 
SERVER 1 1ST AUCH LEER. 

IFCSCH1C 1 >. EQ. CNQ+l . > )G0T0 403 
BCH1 MUSS UI1GE0RDHET UERDEH, 

DO 560 J=l, 10 

IFCSCH1CJ). ED. <NQ*1. >>GOTO 561 
CONTINUE 

jc=j .... . . .. ...... 

DO 562 J«l, JC-1 ' ; 

SCH1 <JC+l-J>oSCHl< JC-J> 

SCH1 <1>=N0*1. 

_ GOTO 403 • 

SERVER 1 1ST VOLL. 

IFCOLEH2. LE_U.)COTO. 421 . - 

L UEBERPRUEFUHG OB IN SCH2 

DIE NUR IN SERVER 2 BEARBE ITET UEP.DEN KOENNTE: 

DO 550 J = 2, 10 • 

. IFCSCH2C J>. EQ. 0. >G0T0 550 
NAUF=IFIX<SCH2CJ>) 

IFCATCNAUF). EQ. 3. )GOTO 550 
L°IFIX<AA2<NAUF)> 

H°I F 1XC2A2CNAUF) > 

IFCCL.EQ. 0 ) . A H 3 . CH. 

IFCL. EQ. 0 )G0T0 449 
IF<ASTAT<L< 1 ) . NE . 5 . >G0T0 550 
IFOI.EQ. 0 >G0T 0 201 
IF<ASTAT<H< 1). EQ. 5. >G.0T0 201 
CONTINUE 
NS2o0 

DO 551 J=l< 

IF<ASTAT<J< 

DO 794 Jo l, 20 

IF<<ASTAT<J< 1>.EQ. 3.). OR. CASTATCJ, 1>.EG.8.))NS1=J 
1FCQLEH1. EQ. SYSHl>HSlo0 
IFCKA. GT. 0)URITE<7< 70?) 

I F< KA. EQ . 2) PR I NT 707 

CALL AUSCNS1, NS2) ' 

GOTO 26 

7 GEME 1 HSAME AUFGABE RUECKT IN BE IDE SERVER AUF 
********************************************* 

ASTATCN3, l)o8. 

NSI =NQ 
HS2=NQ 

Q AUFRUECKEN DER SCHLAHCEH 


EQ. 8))G0T0 201 


20 
1) . 


EQ. 6. 8>HS1=J 


DO 40? J=I, 10 
IFCSCHU J). EQ. 0. >G0T0 
DO 489 K= 1 , J-l 
SCH1<K)*SCH1CK+1> 


488 
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Key 


: 1- UP STATUS, Simulation of the effects on further processing, 
caused by execution of a task 2-subroutine status 
3-check whethre task has been finally worked off due to the 
number of its occurrances 4-for phase two only, calculate 
the end time/appr. check 5- for phase three only, calculate 
the decision land/go around 6-first decision state 


DO 410 J=l, 10 

410 IF<SCH2< J). EG). 8. JGOTO 411 

411 DO 412 KM, J-l 

412 SCH2<K)=SCH2<K+1 ) 

• QLENl^QLENl-1. 

0LEH2=0LEH2-1. 

C AUSDRUCK 

C 

JOT = 3 

IF<KA. GT. 0>MRITE<?. 99?> JOT 
I F< K A. EQ . 2> PRINT 997, JOT 
IFCQLENl . EO. SYSNi;HSl=8 
IF<QLEN2. EO. SYSN2>NS2=0 
CALL A USC MSI, N32) 

26 C0HT1HUE 

997 F0RMAT<3X,'STATUQ-',I1» 

RETURN 
END 


C *****•****•*•«**********>»*******«*>»*»***•*«****«*»*******•** 

C 1 UP STATUS / SIMULATION DER AUSH I RKUNGEN, DIE BURCH BEAROEITUHC 
C > E I HER AUFGABE FUER DEM WEITEREN ABLAUF EHTSTEHEH 

C *$*****************iir«********»**«***4***«,ii«*i»********i*:t***** 

^SUBROUTINE ST ATUS< NSX, NPH, BAUER > 

C — - 

COMMOH/A/'ASTAT <20, 10>, XK2<20>, 2ST AT< 20 > , TZU < 20 >, TREST<20> 
C0MM0N/AA/AT<2 0), IiIS2<20>, ft M 2 X < 2 0 > , XHUN<29> 

C0HH0N/C,'AA2<2Q>, P.PA<28>,APB<28>, ARR<2Q>, ZAZ <2Q), AO (28). AU<28> 
COMMOH/D/SER<20>, SPA < 28 > , SPB <20 ). X IX <20 >. YI Y <28> , 

- — 1TIH<4 ),-TKEXT.-TtAST/SOe2e>,-SU<20^ 

COMMON /F^X A.- XB, XL AST, UBL<20> 

i COMMON/HH/T Oil, TDH, US I, USF, XGA, El. E2, TE1, TE2, TFCH, TACN, TABR 

' KA= I FI X< XA) 

KB=IFIX<XB> 

IF<<NSX. LT. 1>. OR. <NSX.CT. 20>)GOTO S99 

C n. UEBERPRUEFUNC, OB AUFC. BURCH ANZAHL DES AUFTRETENS EHB- 
C J GUELTI G P.3GEARBEITET 1ST 

C v . a**********:***:* *4C*:**«**:*****4*******«*:«**tl*:S**«***»**4* 

A8TAT <NSX, 1 ) = 8. 

DO 101 J=2, 10 

101 ' IF<ASTAT<NSX< J>. EQ. 0. >G0T0 102 

182 JH° J-l 

DO 183 J a 1 i JH 

103 ASTAT<NSX,J)=ASTAT<NSX, J+l > 

IF<ASTAT<NSX< 1 ). NE. 8. >G0T0 104 
IF<XKZ<NSX>. GE. AH2X<NSX> >A5TAT<HSX, ! > = 5. 

104 CONTINUE 

C q NUR FUER PHASE 2, BERECHNUNG DES 

C “ EHD2EITPUHKTES/APPR. CHECK 

IF<NPH.HE.2>G0T0 128 

IF<NSX.EQ.4)TACH=THEXT 

IF<NSX.EQ.6>TABR=TNEXT 

C S' NUR FUER PHASE 3. BERECHNUNG DER EHT SCHEI DUNG LANDEN/'GO AROUND 

C a***************)********!*****:*.***!********** :***** id* 4 

120 IF<NPH. NE. 3>G0T0 106 

IF<NSX. EQ. 1 1 >G0T0 111 
1F<NSX. EQ. 12>G0TQ 112 
GOTO 185 

C ^l.EHTSCHElIBUNCS-STUFE - F.I.S, 

111 CALL EM0B<1, THEXT, E, DAUER> 

E1 = E 

TE1MHEXT 
GOTO 105 
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Key: 1-second decision stage 2-determination of the content of CM1/2 
3-print out 4-determine the next occurring task and its arrival 
time 5-first callup of UARR in approach 6-UARR has been 
called up for the first time 7-for all tasks the arrival 
potential (from AWA) and the first arrival time are determined 


C 

112 


169 

C 

C 

166 


501 

510 

511 

502 

512 

513 
504 

109 

110 


C 

C 

505 

997 

999 


•2.EHTSCHE1DUNGS-STUFE - CONT/GA, 

CALL EH0D<2, THEXT, E, DAUER> 

E2»E 

TE2-THEXT 

1FCE2. EQ. 3. )XGA»1. 

IF<HSX.EQ.5)TFCH-TNEXT 

BEST 1MNUMG DES IHHALTES VOH CM1/CH2 

******#***H<i**Hii«*)***>**>**Hi^*>t»i******J* 

NK»IFIXCAT<NSX>> ^ 

IFCNK. EQ. 0>NK»4 . ^ 

HS1-0 

NS2-0 

GOTO <501, 502. 505, 5 04 >HK 
DO 516 J=l, 20 

IFCASTAUJ, 1>. EQ. 6. 8>NS2»J 

CONTINUE 

DO 511 J=l, 20 

1F< CASTAT < J, 1>.EQ. 4. >. OR. <ASTAT<J, 1> . EQ . 8 . > > NS2* J 

CONTINUE 

GOTO 505 

DO 512 J=l, 20 

IF<ASTAT<J. 1>. EQ.6. 8>NS1*>J 
CONTINUE 

DO 513 J=l, 20 \ 

IF< <ASTAT <J, D.EQ.3. > . OR . < AST AT < J, 1>.EQ.8.>>H31=J 
COHTIHUE 
GOTO 505 
DO 109 J»l, 28 
1 F CAST AT < J, 1) 

I Ft AST AT < J, 

C0NT1HUE 

DO 118 J* 1. 

1 F< < ASTAT < J, 1 > .EQ. 3. > .OR. <ASTAT<J, 1> . EQ. 8. > >NSi a J 
1F<<ASTAT<J, 1 > . EQ. 4. > . OR . CAST AT <J, 1>.EQ.8. > >NS2 3 J 
CONTINUE 

IFCQLEH1. EQ.SYSNl>NSl a 0 . 

IF<QLEN2.EQ.SYSN2>NS2=D = 

AUSDRUCK 

**••*•** 

IFCKA. EQ. 2> PR I NT 997 

FORMAT <3X, ' STATUS, ' > ■ ‘ V.-.- ;■ • • 

CALL AUSCHS1, NS2) - " • • 

RETURH . 

END ...• 


1> 

20 


EQ. 6. 8)NSl a J 
EQ. 6. 8) NS2 a J 


/ 

C 

C 

c 

c 


c 

c 

c 

c 


*#**l**#**>»**•*l^#***l**l***>**>***>**>***>»*>M"»**>M‘'*>**'•** , **■*** , *»’*** , *** 

.. UP UARR , BEST I MMUNG DER NAECHSTEN AUFTRETEHDEN AUFCABE UND DES 
H AUFTR1TTSZEITPUNK7ES 

fc^**************************************************** 3 ******* 

SUBROUTINE UARR< NAT, TMXH, KAM IN, HPH, DAUER. KWA, I U1 , IU2> 

COMMON/ A /Ail AT <20, 1 0 > , XKZ< 20 ) , 2 ST AT< 20 > , TZU < 20 >. TREST <20 > 

COMMOH/AA / AT< 2 0> , D 1 S2 <20 ), AI52X< 20 > , XNUM <20> _ 

COMMON/C/AA2C20), APA< 20 >, APB<20>, ARR <20 >, ZAZ <207 . AO<20 >, AU< 20 > 
C0MH0N/D/SER<20>, SPA<:2O),SPB<2O>,XIX<2O),YIY<20>, 

1TI1U4), TNEXT, TLAST , SO<20>,SU<2G> 

C0MM0N/E/2E IT <20 >, P.AUF<.20> 

COMMON/F/XA, XB, XLAST, USL <26> ^ 

COMMON/H/XUAT < 20 ) > A<20>, B < 2 C > , TN< 2 8> , PBZ < 20 > , AU A < 28 ) 

COMMON /HH/TOM, TDH, US2, USF, XGA, El, E2, TE1, TE2, TFCH, TACH, TABR 
KA* I FI XCXA> 

KB»IFIX<XB> 

^l.AUFP.UF YON UARR IM ANFLUG? 

1F<XAM3N. NE. 07GOTO 31 

UARR 1ST ZUM ERSTEH HAL AUFCERUFEH 

-7 Is"uiRDEH~FuiR ALLE AUFGABEN DIE AUFTRITTS- 

/ MOEGLICHKtl T <AUS AUA > UND DIE 1. AUFTR I TTS2E IT BESTIMMT 
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Key: 1-time 2-determine arrival potential 3-if task X depends on 
task Y, then task Y does not appear (since AWA Less than one 
and RAUF=0) , it is assumed that task Y was already executed in 
the preceeding phase and we set ASTAT(Y,1)=5 
4-UARR is called up again 5-exponential distribution 
6-Erlang distribution 


DO 3 1*1. 20 * - 

12EIT<I)»10. **30. 

RAUF<I)=0. 

3 CONTINUE 

C 2 BEST I HHUHG HER AUFTRI TTSHQEGl ICHKE IT RAUF 

DO 106 1*1, NAT 

186 RAUF < I )= 1 . • . 

1FCKUA.HE. 1 )G0T0 103 
DO 100 1*1, NAT 
UA=RAN<IU1, 1U2 ) 

IFOIA. GT. AWA<1)>RAUF<I>»0. 

100 CONTINUE 

103 CONTINUE 

C nlST AUFGABE X VON AUFGABE Y ABHAENGIG. AUFGABE Y TRITT 

C 3ABER NICHT AUF (DA AHA< 1 UHD RAUF=0> SO UIRD ANGENONJJEN, 

C DASS AUFGABE Y B ERE I T S IN DER VOANGEGANGENEN PHASE BEAABEITET 

C UURDE UHD ES UIRD AST AT < Y, i> = 5. GESET2T, 

IFCHPH.NE. 2)G0T0 107 

IF<RAUF< 14) . LT. 1 . > AS7.ATU4, 1 >=5. 

IF<RAUF(6).LT. 1. >ASTAT(6,1>=5. 

107 IFCHPH. HE. 3>G0T0 108 

IF<RAUF<5>. LT. 1. >ASTATC5, 1>*5. 

IFCRAUFC9). LT. 1. >ASTAT(9, 1)=5. 

IFCRAUF(18).LT. 1 . > AST AT <10, i>*5. 

188 CONTINUE 

KAMIN»0 

C S UARR UIRD ZUM UIEDERHOLTEN MALE AUFGERUFEN, 

C 

C ES UIRD NUR NOCH E1NE EIH21GE AUFTR.2EIT BERECHNET, 

C DIE DO-SCHLEIFE DESHALB UEBERSPRUNGEN 

31 122*0 

IFCKAMIN. EQ.OCOTO 3 

J*KAMIN . 

122*1 • . . 

GOTO 6 

5 CONTINUE 

DO 7 J«i, NAT 

6- COHTINUE 

v.. 1FCRAUFC J). LT . 1. >G0T0 50 

IFCARR(J) . EQ. 1 . > GO TO 2 
1F(ARR(J).EQ. 2. )G0T0 30 

C S’ EXP0NEHT1AL-VERTEILUHG 

C *i»*j*>****>*>*****>**i***>**>» 

40 XLAM*APA < J) 

CALL P.ANDUX < J . R1 > 

2E1T < J > = - < 1 . /XLAtO*ALOG(Rl) 

1FC2EIT<J). LT. AU(J>)GOTO 40 

•“ — iF<2ETTCd)-. GT .-A0<U> JGOTO-40 * 

IF< (KAMIN. EQ. 0 > . AND . < 2E I T C J) . GE. D AUER) > GOTO 40 
GOTO 1 — 


C 

C 

2 


28 


ERLAHG-VERTE1LUHG . 

**►#■•**«<■»>* *■»*'»■**>* 

XLAM*APA<J) 

K»IF1X<APB< J>> 

PROD“l . 

DO 28 L-l.K 
CALL RAHDUX < J, R1 ) 

PR0D*PR0D*R1 _ _ 

2E1T<J>=-<1 ./<K*XLAN) >*AL0G(PR0D> 
lFCZEITC J). LT. AUCJ) >C0T0 2 
IF(ZEITCd). GT. A0(J> >G0T0 2 

1FC (KAMIN. EQ. 0). AND. CZEIKJ). GE. D AUER) ) GOTO 
GOTO 1 
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Key: 1-normal distribution 2-calculate the arrival time 3-determine 
the timepoint without phase reference 4-determine timepoint for 
5-in phase three for All and A12 ref. to phase end 6-determine 
timepoint with phase ref. 7- time 8-no appearance of task is 
possible 9-check for frequency of occurrence 10-determine 
the time minimum 


C I HORMAL-VERTEILUNG ' .... ... 

0 ****»«****«».«**«* 

30 XH“APA<J> 

8Q*SQRTCAPB(J>) 

CALL RANDUXCJ# Rl) . 

CALL RANDUXCJ, R2> 

T 1«C0S (2 . *3 . 1 4 159*R2> 

T2»<-2. *AL0GCR1> >**0. 5 
2EIT<J)=XH+SQ*T1*T2 
I FC2EI TC J ) . LT . AU ( J > >C0T0 30 
IFC2EITCJ). GT. A0<J>)G0T0 38 

I FC CKAMI H . EQ. 0 > . AND . < 2E I 7< J> . GE . D AUER> > GOTO 30 

C 2-BERECHHUHG DES AUFTRITTS2EITPUHKTES 

C ****** * **** **** * * *** * ** ** * ******** * 

1 IFCNPH. HE. 35COTO 200 

C £ I N PHASE 3 BE I All UHB A12 BE2UG AUF PHASEHEHDE: 

I FC J. EQ. 5 )GOT 0 500 
IFCJ.EQ. 1 OGOTO 300 
. IFCJ.EQ. 1 2) GOTO 400 

C BEST IHMUHG DES ZEI TPUHKTES BEI PH ASEHBEZUGi 

208 IF(PBZ(J).HE. 1.>G0T0 201 

i2EITCJ>=ZEITCJ)*DAUER 
J GOTO 12 

C ^ BESTIMMUHG DES 2EI TPUHKTES OHHE PHASEHBEZUG. 

201 ■ ZEIT<J>nTHEXT + ZEIT(U>-*60. 

GOTO 12 

C H BEST ItlMUNG DES ZEI TPUHKTES FUER 011^12 IH PHASE 3. 

380 TZEIT(11>=DAUER-ZEIT<1 1> 

IFCZEITC11>.LT.0. ) GOTO 6 
' COT 0 12 

400 7 ZEIT<12)=TDH-ZEIT<12) 

IFCZEITC 12>. LT. 0. >GOTO 6 
GOTO 12 

500 2E I T <5 >“T0H - . 

. GOTO 12 

C S KEIH AUFTRETEN DEF? AUFGA3E HOEGLICH 

C *********"**#****iMt!***!Mt*»**mn»****i» 

50 7 2EIT(J)al0. >**30. 

C 7 UEBERPRUEFUNG AUF HAEUFIGKEIT DES AUFTP.ETEHS 

C ******«4<*4I4(**********>«*M ******************** 

12 IFCXKZCJ) . LT. AtIZXC J > ) GOTO 10 

7 ZEI T< J>= 1 8. *»«38. 

10' C0HT1HUE '. 

IFCI2Z. EQ. 1 >G0T0 8 
? C0HT1HUE 

C l°ERHITTLUNG DES MINIMUM VOH ZEIT<J> 

C *********>*****!***#*>*******.• ****: **** 

8 THIH 3 ZEIT <1 ) 

KAMIH-1 
DO 4 J = 2. NAT 

IF(2EIT( J ). LT. TMIM>KAMIH=J 
IFCZEITC J). LT. THIN) TMIN»2E IT <J) 

4 CONTINUE 

. RETURH - - 
END - .... 
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Key : 


1-determine the task processing time 2-exponential distribu 
tion 3-Erlang distribution 4-normal distribution 



3 

4 


C 

c 

18 


C 

C 

1 

32 


21 



2 


. t****************************************************** 

>UP USER , BESTIMMUHG DER BEARBEI TUMGSBAUER E I HER AUFGABE 

*****«*«*4**«***>«**>»***i***+*»>»******>«*W>t******>il*******>* 

SUBROUTIHE USERCNAT, HS. TIME) * 

COMMOH/A/ASTATC20, 1 0 > , XKZC 20 > / 2ST AT< 20 > , TZU < 2B >. TREST(20> 
C0HH0H/AA/ATC20)/ DISZ<20>. AH2XC 23 ) - XHUIU20> 
COMMOH/D/SER(20>, SPm'.20>, SPB<20), X IX <20 >i VI Y <20) * 

1TIH<4>. TNEHT# TLAST, SQC20>/ SU<20> 

IFCHS. HE. 0>G0TO 3 
TIHE a 10. **30. 

GOTO 2 
COHT IHUE 

IFCSER<NS>. EG. 1. >C0T0 1 
IFCSERCHS). EQ. 2. >GOTO 20 
IFCSERCHS). EQ. 0. 1G0T0- 10 

1 EXPOHEHTIAL-VERTEILUHG 

********************** 

XHU = SPA< NS) 

CALL RAHDUX <NS/ RAH) 

T IME a - <1 . /XMU)*ALQG<RAH> 

IFCTIHE.LT. SUCNS))GOTO 18 

1FCTIME. GT. SOCII3)>GOTO 10 - 

TIME=THEXT+TIHE 

GOTO 2 

1>ERLAHG-VERTEILUHG 

* * * o •> t? * * 1» |» * •» # * * +* 

COHTIHUE 

XLAH=SPACHS) 

K a I F 1XCSPBCHS) ) - . - •. 

PR0D a l. 

DO 21 L«1.K 

CALL RANDUXCHS/ RAH> 

PROD a PR0D*R AH 

T I ME a - < 1 . /<K*XLAM))*ALOC<PRQD> 

IFCTIHE. LT. SUCNS))G0T0 32 • 

IFCTIHE. GT. S0CH8))GQT0 32 

TIHE a THEXT+TIME 

GOTO 2 

q'HORMAL-VERTEILUNG 

• *********>*«*«**** 

XH=SPA<HS> .. .. 

SQ a SQRTCSPB<HS)> 

CALL RAHDUX <H Si R 1 > 

CALL RAHDUX CHS/ R2> 

T1=C0S<2. *3. 14159*R2> 

T2 a C-2.*AL0GCRl>>**0. 5 
TIME=XM*SQ*T1*T2- 
IFCTIME.LT. SUCIIS>>G0T0 20 
IFCTIHE. GT. SO<MS)>GOTO 28 
TIHE a THEXT+TIME 

IFCATCNS) . EQ. 3. )TIM<1)=TINE 
IFCATCNS). EQ. 3. )TIH<2)=TIM£ 

RETURH 

END 


Key: 1-determine a random no. using uniform distribution 

2-printout the instantaneous system status 3-identifier 
for output of loop 4-id. for output of values 
5-no printout 6-printout to TT or LP 7-unit number 


C . 


44*4444*«444«*444*4a*44*444**4*4**4*4*444444 4* 4444*4444*4*4 4* 4 

UP RANDUX i BESTI MMUNG E I HER ZUFALLSZAHL 0<X<1 HACH GLEICHVERT. 

***44****4*4*4*a4a44«4444**aa4**a44*a*44*a*44*4a4a****a«4444*4 

SUBROUTIHE RANDUXC J, R ANDU) 

COMHOH/D/SER(20>,SPA<20),SPB(20>, XIX<20>. YIY<20>, 

1TIM<4>. TNEXT, TLAST, S0<28>, SU<20> 

IX" I FIXCX IX ( J) ) 

IY"IF1XCY1Y(J> ) ^ 

RANDU«RAH<IX« IY> ‘ 

XIX<JWX*i. . I 

YIY<J>«IY*1. 

RETURK - 

EHD 


O 

•• 4 


C 

c 

c 


c 

c 

c 

0 


c 

c 

1 

2 


y 


31 
311 

32 

222 

223 

224 

225 

226 


SB 

100 


**«* 4 * 4 ** 4 * 4 * 44 * 4 * 44 * 4 * 44 * 4 ***** 4 * 4 * 4444 * 4444 * 4 ** 

Z UP AUS , AUSDRUCKEH DES HOHEHTAHEH SYSTEMZUSTANDS 

*44 44 * *** 4 * 4 * 4 4 * 4 * 44 * 44 4444 * *»* 4 * * 4 * 4 * * 4 * 44 44 * 4.4 * 

SUBROUTIHE AUS(HS1,NS2> 

COHHOH/A/'ASTAT<20, 1 0) , XKZC 20 > . ZST AT< 20 > , TZU < 20 >, TREST<20> 
COmiOH/AA-'ATC20>. DISZ<20), AHZX C 20 ) , XNUtl < 2 0 ) 

COHMOH/B/SCHI (10), SCH2< 1 0) , QLEN 1, QLEN2, SYSN 1 , SYSN2, SYSN 
COHMON/D/SERC20), SPA (20). SPB<20>, XIX(23),YIY<28), 

1TIK<4). TNEXT, TLAST, 80(20). SU<20) — - 

COMHOH/F/XA, XB, XLAST, UBLC20) . 

DIHEHSIOH JJC28) _ ; , _ 

KA“ IFIXCXA) ... - * 

KB* IFI XC X8> * 

. IF((KA. EQ. 0). AND. (KB. EQ. 8>)G0T0 1088 

N. 

5 KA«KENHZIFFER FUER AUSDRUCK DER SCHLAHGE 
4 KB=KEHHZIFFER FUER AUSDRUCK DER WERTE QLEN. ASTAT, SYSN .. . 

SXA,KB= 8 -- KE IN AUSDRUCK .‘V . 

(, KA, KB> 8 -- AUSDRUCK AUF TT 8ZU LP 


FORHAT <3X, 'T»',F6. 2, 8X» 18F4. 8, 5X» ' / ' , 14 , ‘ , ✓ ) 
FORMAT (3X, 'T*', F6. 2, ?X. ' GLEN1* ', F4. 0. 2X, 'SYSH1= 

1 ' QLEH2® F4. 8, 2X, 'SYSN2= ' , F4 . 0. 2X, ' SYSN= ',F4. 
FORMAT <./ , 3X, 'E1HHEIT HUMMER. ', 14, 914) 

FORHAT <3X, ' 

1' __') 

FORHAT (3X, ' ■- = 

1 ' ' > 

F0RMAT(1BX. 'STATUS . '.18F4.1) 

FORMAT (/, 10X. ' ZUSTAHD . 10F4.8) 

F0RHATC10X. 'TZU . ' , 10F4 . 1 ) 

FORHAT(I0X, 'TREST . '.10F4.1) 

F0RMATC18X, 'TIM<4> : ' , 4C2XE10. 4), /> 

ZFCKA. EQ. 0>GOTO 1000 

HBEV.a? . r t r -s ~ t 

DO 50 J«l,20 
JJ(J)-J 

WRITECNDEV, 1) TNEXT, (SCHl <1 1-LL), LL=*1, 18), NS1 
URITECNBEV, 1) TNEXT, <SCH2(ll-LL),LL*i, 10), NS2 

WRITECHDEV, 2) TNEXT, QLEN1, SYSH1, QLEN2, SYSH2, SYSN 
URITECHDEV, 31 ) (JJCKK), KK=»1, 10) 

WRITECHDEV, 311) ... 


', F4 . 0, 
8) 


2X» 
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1-modelling the landing decision in final 


51 

260 

300 


52 

56Q 

600 

780 

701 

888 

881 

900 

958 

951 

1000 


BO 200 JM, 10 
8UM*0. 

DO 51 KM, 10 

SUH = SUH+-ASTAT<K» J) 

IFC < J. GT. 1). AND. (SUM. EQ. 0. >>GOTO 300 
URITE(NDEV, 222 >< AST AT (K» J), KM, 10) 
COHTINUE 

URITE(HDEV,31)(JJ(KK>, KKM1* 28> 
UR1TE< NDEV, 311) 

DO 500 JM, 10 
SUH=8. 

DO 52 K=1 1. 20 
SUH°SUH*ASTAT(K, J) 

IF((J. GT. 1) . AND. (SUM. EQ. 0. )>G0T0 600 
URITE(HDEV» 222 > < AS T AT (K, J), K = 11 , 20 > 
COHT1HUE 

HZU«8 

DO 700 JM, 10 

IFCTZU(J) . HE. 999 . )HZU=>J 

1FCHZU. EQ . 0 >GQT0 701 

URI TE( NDEV, 223 ) ( 2ST AT ( J > / J = 1 , 10 > 

URITE(HDEV) 22 4 > ( TZU ( J > , J=l, 1 0) 

URITECHDEV, 225 ) OREST ( J > , J= l , 10 > 

HZU°0 

DO 880 Jail, 20 

IFOZU(J). HE. 999. >NZU»J 

IF(HZU . EQ. 0 )G0TQ 801 

URITECHDEV, 223 XZSTATCJ), JM1, 20) 

URITECNDEV, 224 XTZUCJ). J=1 1. 20) 

URITECHDEV, 225XTRESTC J), JM 1, 28) 

•URITECHDEV, 900) 

FORMAT (3X, ' 

1 *> 

IFCHDEV. EQ. 6)GOTO 1000 
URITE(7, 950) 

FORMAT (1H*> ' AUSDRUCK AUF LP ?') 
READ(5, 951) KLP 
FORMAT (13) 

1FCKLP. HE. 1 >GGT0 1000 

NDEVM - 

COTO 180 

RETURH 

EHD 



(J * **#***)Mii**********!***>**#*****i******«*******>*=»********* 

C J. UP EHOD , MODELL IERUHG DER L AHDE-ENTSCHE I DUIIG IM FIHAL 

Q ******,Mti»**>M<>»**sMt)**»***:**********;****>»>*>»***>*********'* 


SUBROUTINE EMODCNST, TNEXT, E, DAUER) 

DIMENSION SL(21),SG(21), HL (2 1 ), HGC21), XMC2, H>, HHC21) 
COHHON/KH/TOM, TDH, USI, USF, XG A, El, E2, TE1, TE2, TFCH, TACH, TABR 
COHHON/F/XA, XB, XLAST, UBLC20) 

DATA (SL( J) , J = 1, 21 > 70. 04, 8. 84, 0. 04, 0. 04, 0. 08, 0. 08, 0. 2, 0.2, 
0. 56, 0. 6, 8. 72, 0. 72, 0. 72, 0. 72. 0. 76, 0. 76, 0. 84, 0. 34, 3. 92, 0. 92, 
DATA (HL( J), JM, 21 ) / 1 . 0, 0 . 9 7, 0 . 9 1 , 0 . 86, 3 . 86, 0 . 33, 0 . 77, 0 . 69 
0.6,0. 6. 0.54, 0.46, 3.43, 8.37, 0.34, 3.2 9, 0.2,0. 17, 8. 09, 0. 09, 0. 
DATA (HG(J),J=13, 21)70. 14,0. 14,0.2,0.2, 0. 23, 0. 23, 3. 26, 0. 26, 
DATA CHH( J), J" 1. 21 > / 1308. , 1 200. . 1 1 S3. . 1 800. , 983 . , 800 . , 70B . 
588. ,400. , 300. , 2e8. , 150. , 100. , 50. . 0. .-50. . -180. . -152. , -200. 


1. 07 

53/ 

0. 26/ 
, 6C0 . 
, -330 


KAMFIXCXA) 



Key: 1-specification of fuzzy eval. functions 2-predecision in step 
one has been taken? 3-determine present alt. and DH 4-deter- 
mine difference between current and decision-alt. 

5-determine present visibility 6-seek present visibility in 
fuzzy function 7-determine the evaluations for land/go around 
based on visibility 8-seek alt. difference in fuzzy function 

9- determine evaluations for lang/go around based on altitude 

10- fuzzy decision-making through min/max. calculation in the 
evaluation matrix 


J, FESTLEGUNG DER FUZZY-BEUERTUNGSFUNKT10NEH. 

******** *** *** ** ***** ** *********** ******** 

< SL» HL/ HG> HH SIEHE DATA-ANUEISUNG) 

SG<1>=9. 16 
DO 1 J=2, 21 
- SG<J>=0. 

DO 2 J»l# 12 
HG<J>-0. 

2 VORENTSCHEIDUNG IN STUFE 1 GEFALLEN ? 
************************************* 

IFCHST.EQ. 1 >G0T0 200 
IF<E1. EQ. 0. >GQTO 208 

E*»2. - * 

RETURN 
CONTINUE 

C 3 BESTlflMUNG DER AKTUELLEN HOEHE UND DER DH 

C ***************************************** 

HR“<DAUER-TNEX7)*?00. /60. 

„ HE»<DAUER-TDH>*7O0. /60. 

C 4 BESTII1HUNG DER D IFFEREH2 VON AKTUELLER ZUR EHTSCH . -HOEHE 

H«=HR-HE 

SBESTIHMUNG DER AKTUELLEH SICHT 
****************************** 

S«10. • ... : . ■ 

IF<NST.EQ.1)S=USF 

IFCNST.EQ.2>S=USI 

C AUFSUCHEH DER AKTUELLEN SICHT IN FUZZY-FUNKT ION 
*********************************************** 

DO 8 J=l. 21 
TS a <vJ-I>*0. 5 
I F< S . LE. TS) GOTO 9 ... 

CONTINUE • * • - -• 

J1«J - 

DIFFn<TS-S>/0. 3 .- 

7BESTIHMUNG DER BEUERTUHGEN FUER LRNDEN/GA AUFGRUND DER SICHT 

4rjfc4Mt***a***JM'******:*****:«**************:jt***<<*********#***4i#4 

XMU, 1 > = SL< J1>-<DIFF*<SL<J1>-SL<J1-1 >>> 

XM<1.2)=SG< Jl>-(DIFF*<SG<Ji>-SG<Jl-l>>> 

$ AUFSUCHEH DER HOEHEND IFFEREHZ IN FUZZY-FUNKT ION '■ 

*********^#*****4***********«4****>t*********it** 

DO 10 J=l/ 21 

TH=HHCJ> •> 

IFCH.GE. TH)G0T0 11 - • - . - 

CONTINUE 

J1«J 

DIFF 3 <TH-H>/<HH< J1>-HHC Jl-1>) 

TbESTIHH’JHG DER BEUERTUNGEH FUER L ANDEN^GA AUFGRUND DER HOEHE 
**********«************************************************* 
X1K2j1) = HLCJI>-<DIFF*<HL(J1>-HL<J1-1))> 

XMC2, 2>=HG< J1>-<DIFF*<HC<J1>-HG<J1-1>>> 

lo FUZZY-EH7SCHEIDUMGSFINDUNG DURCH MIN/MAX-RECHNUNG IN DER 
BEUERTUHG5 MATRIX 

******************************************************** 

* XLH I N = XH< ii 1> 

IF(XH< 2. 1>.LT.XLMIN)XLHIN=XHC2» 1> 

XGMIN = XM< 1» 2) 

-- IFCXMC2, 2). LT;XGHIN>XGNIH«=XKC2* 2> — - - 

XNAX=XLMIN 

IFCXGHIH. GT.XHAX>XMAX“XGNIN 



C 

C 

C 


1 

2 


C 

C 


28 S 
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Key: 1 -printout 2-decision for visibility voltage 3-and radar alt. 
4-decision alt. 5-alt. difference 6-fuzzy eval. matrix for 
land/go around 7-determine the decision id. for the steps 

8- statistical eval. of approaches from computer simulation 

9- read in the input parameters 


C 

c 

100 


101 

102 


2 - 

S 

l 


Iausdruck 

IFCKA. EQ\ 2)PR I NT 100, NST,S,HR, HE, H,XM<1, 1>, XHC1, 2), XMC2, 1>, 
1 XM < 2, 2), XLHIH, XGH I N 
FORMAT C3X, ' EHTSCHE I DUNGS -STUFF' , 12, 

1 ' ENTSCHE IDUHG BEI SI CHT-SPAHNUNC ' 

2' UHD R ADAR-HQEHE ' 

2' EHT SCH El DUNGS HOEHE ' 

2' HOEHEN-DIFFEREKZ ' 

3 'FUZZY BEUERTUHGS-MATRIX FUER: 

4 * , ' 

4 • s' » 

5 ' M I HI MUM * 

IFC CXHAX. EQ. XLHIH). AHD. <KA. E0.2))PRINT 
1F< CXHAX. EQ. XGMIN) . AHD. CKA. EQ. 2) > PRINT 
FORMAT C3X, ' LAHDEH 
FORMAT C3X, ' GO AROUND 


,', /, 3X, 

F8 . 2, ' VOLT' , /, 3X, 

F8 . 2, ' FEET ', //. 3X, 

F8. 2, ' FEET' , //, 3X, 

FB. 2, ' FEET', /✓, 3X, 
LANDEN GO AROUHD ' 

F8 . 2, ' ', F8.2, f, 3X, 

F8 . 2, ' ', F8.2, /•, 3X, 

F8.2,' ',F8.2,/> 

101, XMAX 

102, XMAX 
' , F8. 2 > 

' , 8X» ' ' , F8 . 2 > 


s , 3X» 


C 7 BESTIMMUHG DER EHTSCHEIDUHGSKEHNZIFFER FUER DIE STUFEH 

Q 1 **** * *«•«***** ***# ***>»* * *»>**> *^**m*^i*^ni ************* *** 

IF<NST. EQ. 2>GOTO 201 
IFCXHAX. EG. XLHIN>E=1. 

IFCXHAX. EQ. XGM1N)E=8. 

GOTO 262 

201 IFCXMAX. EQ. XLH IN >E 3 2. 

IFCXHAX. EQ. XGMIN)E=3. 

202 CONTINUE 

RETURN ... . 

END 


C ******** *** ** ***** * ** ************ *** ** *** *** ** ** *********** ** 

C HP SIN 1ST , Q STATISTI SCHE AUSUERTUNG DER ANFLUEGE AUS RECHNER- 

C 0 SIMULATION 

Q ********************************************************* 

DIMENSION TC2Q0), St <239>, S2C230), S3C200), S4 C200), S5<203> 
DIMENSION TARP.C50), TSER<50>, TLEAVC50), TQUEUC50) 

DIMENSION T DAU <50> 

DIMENSION TA< 15, 50), TSC 15, 50>,TLC15, 50), TQC 15, 50 >» TDC15, 50) 
DIMENSION HARCIS), USE C 1 5 >, HLE < 1 5), NSUC 1 5>, HD AC 1 5 > 

DIMENSION AT < 29) , D I SZ <20 >, SEF.C20), SP AC 20) , SXOC 20 > , PBZ C 20 > 
DIMENSION H ARC 15, 2 5), MSEC 15, 25), HLEC 15, 25 >, HQU C l 5, 25) 

DIMENSION HBAC 15, 25 ), HNFER105, 25 ) , HNFER2 C 1 5, 25) 

DIMENSION HG1C2S), HC2C25), XHLE1C28), XHDA1C23), NLE 1 C 28 ) , NDA 1 C28) 
DIMENSION XGC3), NN0TSEC15), NH0TSCC15) 

DIMENSION AAA C 28 ), XSUMC 20) , SE3C 50 ) 

COMMON /A/SUC20>, S0C20), AUC20), A0C20) 

URITEC7. 1 ) 

1 FORMAT <1H$> ' -PHASE NR., '> 

READC5, 2)NPH 

2 FORMAT <I4> 

NF2“NPH 

C *? EIHLESEN VON E INGABEP ARAMETERN 

C ************************** *,*!» 

DEFINE FILE NF2C42. 40, U, IVAR) 

READCNF2' 13)AT 

READCHF2' 1DDISZ « - 

READCNF2' 35)AU 

READ <N F2' 36 > AO 

READ < NF2 ' 37 >SU 

READ CNF2 ' 33 ) SO 

READCHF2'39)PBZ 

READ CHF2 ' 40 )NPH, IP1, IP2, PXQ, PVAR, PKUJ, PHAX 

READCHF2' 41 )SXQ 

READCHF2'42)XSUM 
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Key: 1-read in already-calculated histogram values 2-no. 
3-test no. 4-read in the results from the computer 
5-processing loop for 15 tasks 


seed 

8200 

8100 


300 


139 

159 

C 

C 


f S ' 1 


750 

318 


/ 

733 

734 


C 

871 

C 


URITE<7, 8080> - • r 

FORMAT (1 HS. ' PHI N=« # > 

READC5, 81O0)PI1IH 

URITE(7. 8200) ; ' ’ ’ 

FORMAT <IH$) ' PHAX" <> 

READ<5, 8100)PMAX 

FORMAT (F20. 10) : 

NFF = 30+HPH 

DEFINE FILE NFF<1?5, 56, U, IVAR) 

DEFINE FILE 41(1580. 104. U* IVAX) 

READ <4 1 ' 1 >BBB, XNHN, PPP 

URITEC7. 300) ^ 

FORMAT <1H$, ' FILE NR., ') _ 

READC5, 2)NF 
DO 159 J a 1 , 15 

DO 139 1 = 1, 50 . 

T A< J, I > = - 1. 

TS< J, I >=-1. ... 

TL< J, I >=-1. 

TQ< J, I >»- 1 . - 

TDC J, I > a -l. V. . 

CONTINUE 

CONTINUE 

EIHLESEH VON SCHOH BERECHHETEN HI STOGR AfIMUERTEN 

«H»*»»*«**it******:«****>***>t********lll*******Hl«**** 

CALL READRCNFF, 15, 0, HAR, NAR) 

CALL READRCNFF, 1 5, 15, HSE, NSE) 

CALL READRCNFF, 15, 30, HLE,NLE) 

CALL READRCNFF, 15, 45, HQU, NGU) 

CALL READRCHFF, 1 5, 60, HDA, NBA) 

CALL READRCNFF, 15, 1 15, HNFERi, NNOTSE) 

CALL - PLEAD POiFF-i LJ3t-L3Ch. HNFER2, NN0X3C) — . 

READ OIFF ' 108) HC1, XG *■ - 

READCHFF' 109)HC2, XG •• /' ‘ ■: 

READCHFF' 146)XNLEl 
READCHFF' 147)XNDA1 • 

DO 750 NU=1,29 - 

NLE 1 (HU) = IF IX (XNLE1 (HU) > 

HDA1 <HU>«IFIX<XNDA1 <NU) ) ------ -• r 

COHTINUE 

CONTINUE 


J. 


DEFINE FILE HF ( 1 00, 24 00, U, IVAR) 
NVERS a IFIXCXG(l)) 

HE1 0=0 
NE1 1 =0 

NE22 = 0 • - 

NE23 = 0 . 

URI TE(7» 733) 

FORMAT (1H$» * 

READ (5, 734)KR 
FORM AT< I 4 > 

DO 4 NMR=* 1, KR 
HVERS=MVERS+1 
URI TE< 7, 871 ) 

FORMAT (1 H$, ' 

READC5, 734)NR 
NR n HNR 


ANZAHL DER VERSUCHE, 


VERSUCH HR. . 


C 

c 


c 

c 




51 


H EINLESEN DER ERGE3HISSE AUS DER RECHNERSIMULATIQN 
******************************************** ■•»**** 
READ CNF' NR) T, SI. S2, S3, S4, S5 

NGES=»IFIX(S3<41>> • -~ 

TCM1=8. - 

TCM2=0. 

S' BEARBEITUHGSSCHLEIFE FUER 15 AUFGABEN 
DO 50 NA= 1, 15 

DO 51 KP= 1, 50 • 

T ARR <XP) =-1 . 

TSER <KP) »-l . 

TLEAV(KP>»-1. 

TDAU(KP) = -1. - ’ 

TQUEUCKP)»-1. 

CONTINUE 


of tests 
simulation 
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Key: 1-compute the times for arrival, beginning of execution, end 
of execution, waiting times, processing time 


rs 


NARR»0 

HSER*0 

NLEAV-0 

HLEAV2 a 0 - • 

NLEAV3-0 . 

HQUEU=0 

MDAU a 0 

NDAU2“8 

HBACK-0 

HDOPP=0 

HWARTE a 0 

NH2 a 8 

HN3 a 0 . 

HZHI a 0 ^ 

TTDAU=0. 

TTSER-0. 

TRUECK a 0 . 

AUF=FLOAT<HA> 

IF<<AT<HA). LT. 1. >. OR. < AT <NA> . GT. 3. >>C0T0 58 

DO 60 IM.NGES 

IF<S2< I) . EQ. 0. 1G0T0 SI 

IF(CAT<HA). EQ. 3 . . AND. <DISZ<IFIX(S2<I>>>. ES. 2. >>NN2 a i 
IF< CAT <HA >. EQ. 3. ). AMD. <B13Z(IFIX<S1<I>>>.E8.2. > >HH3 a l 
61 GOTO<?0. 88» 70>IFIX<fiT<HA)> 

C 1 BERECHNUNG DER 2EITEH FUER AUFTRI TTS2E I TEH. 

C LbEARBEITUNGSBEGIMMN, BEARBEITUHGSEHDE, UAP.TEZE ITEM/ 

C BEARBEITUMGSBAUER 

C *********>*********>***>«*******>*«"****>i<>*****’»****** 

f& 1F(<HH3 H Eq!i? 0 AHD 8 <S2<:I).HE. AUF>. AND. <S5<I>. NE.S2<I>>>G0T0 

GOTO 80 

81 CALL ZEITEHCT, SI. S4, TCM1, BISZ. TARR, TSER, TLEAV. TQUEU, TDAU. 

1HARR. NSER. HLEAV, MQUEU. MBAU, I. AUF. TTSER, TTDAU. HDOPP. 
1TRUECK, NBACK, NUARTE, NLEAV2, NBAU2) 

GOTO 400 

86 CALL ZEITEN<T, S2, S5, TCH2, BISZ, TARR, TSER, TLEAV, TQUEU.TDAU, 

1HARR. NSER. NLEAV, HOUEU, NDAU, I , AUF, TTSER, TTDAU, MB OFF, 
1TRUECK, NBACK, NUARTE, NLEAV2, NDAU2 > 

460 CONTINUE 

. 1F<<HH2. EQ. 1). AND. <S2<I>.EQ. AUF>>NN2=Q 
IF<<NN3. EO. 1>. AND. <S1 <I>.EQ. AUF>>NN3=0 
66 CONTINUE 

I F<HARR. LT. 1>G0T0 410 

DO 410 K= 1# NARR 

IFCHPH. NE. 3JG0T0 418 
"* 1 F<HA. HE. 11 >G0T0 415 

TARR(K> a S3(50>-TARROO • - ... 

'415 I F< NA. HE , 1 2 )G0T0 418 

TARR<K)=S3<52)-TARR<K> 

418 TACNAi K>=TARR<K> 

.410- - -CONTINUE- .... - - ... _ ... 

IFCNSER. LT. 1>G0T0 420 ■ ’* • - , . 

DO 428 K= 1, NSER 
TS<HA. K>=TSER<K> 

428 CONTINUE 

IFCHLEAV. LT. OGOTO 430 
DO 433 K a 1, NLEAV 
TLCHA. K> a TLEAV<iO 
430 CONTINUE 

IFOIQUEU. LT. OGOTO 440 
DO 440 K= 1 < NQUEU 
TQCNA, K)=TQUEU<K) 

440 COHTINUE 

I F< HDAU. LT. 1 ) GOTO 450 

DO 450 K-l, NDAU 
TDCHA, K)=TDAUCK> 

450 CONTINUE 

470 COHTINUE 

HNREC«=<HR-1>*15*NA 
XHARR=FLOAT (HARR > 

URITE<41 , NNREC)TARR, XNARR, PH AX 
NAR(NA>°HAR(NA>+NARR 
NSE<NA>«=NSEOIA> + HSER 
HLE<HA> a HLE<HA>+NLEAV 
NLEl(NA) a NLEl(HA>+NLEAV2 
H8UCHA> 3 H0U<NA l+HBUEU 
NDA<HA>»NDrt<NA>+NDAU 
NDA1 <NA> a NDAl<NA>+NDAU2 


81 
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Key: 1-calculation of histograms 2 -calculation of histograms 
for task-dependent simulation results 3-test 14 is finished. 






C IbERECHHUHG BER H ISTOCRftMME 

p -**«** *** ** ***** *** w* ******** 

IF<<NA.HE.U>. AMD. CNA.NE. 12>>G0T0 416 
CALL HISTOG<NA/HrtRR/AUCNA>*flO<NA>jTA< HAR> 

. GOTO 41? 

416 CALL HISTOGCHA, HARR, 0. , PKAX, TA, HAR) . 

417 CALL HIST0G<HA/HSER/0.»Pt1AX»TSiHSE) 

CALL HISTOGCHA, NLEAV, 0. , PMAX, TL, HLE> 

CALL HISTOGCHA, HQUEU, 0. , PMAX', TQ, HGU> 

CALL HISTOGCHA, KB AU, S U < N A > , S 0 C N A ) > TB, HD A) 

IFCHSER. LE. NARR>GQTO 935 

939 F0RHAT</^3X. f ' VERSUCH NR.',I5,/',3X/'AUFGABE NR. ' 

l,I5,/0 

DO 936 JX=*1 1 HGES 

UR I TEC 6, 93?>T< JIO. SIC JX>, S2C JX>, S4CJX>. SSCJX) 

937 F0RHATC3X/F20. 4, 4F7.0) 

936 CONTINUE * 

933 CONTIHUE v, • 

NLEAV3=HLEAV+NLEAV2 

IFOiSER. LE. NLEAV3>G0T0 46 ' • ‘ 

G0TD<933> 934* 995>IFIX<AT<HA)> , 

933 IF(S1<I-1). EQ. AUF)NNOTSE(NA>=>HNOTSE<NA> + I .. -■ 

HN0TSC(HA) = NN0TSC(llrt>+HSER-NLEAV3 

IFCS1(I-1>. EQ. AUF)NNOTSC<NA)a»IHOTSC<NA>-l _ . 

IFCS1CI-1 >. EQ. AUF)CALL H IS T03 <H A, 0 . , SO C NA >, S3< 83 > / HHrE R1 > 
NSCH=Q 

• 1FCS1C I— 1 >. EQ. AUF>NSCH=1 . ... 

IF< CHSER-HLEA V3-NSCH) ;LT . 1 >GQT0 1980 
DO 980 NG = 1» < NSER-NLEAV3-HSCH ) 

CALL HIST03CHA,8.»S0CHA>,S3C83>,HNFER2> 

980 CONTINUE 

1988 CONTINUE . 

GOTO 46 - * • 

934 IFCS2CI-1 >. EQ. AUF> NNOTSE CHA> =HN0TSE< HA > +1 

NHOTSC<NA>aNNOTSCaiA>+NSER-NLEAV3 .... 

IFCS2CI-1). EQ. AUF>HN0TSC<NA>*NNQTSC<NA>-1 

IFCS2CI-1). EQ.AUF>CALL H I ST03 (NA. 0 . , SO C NA >, S3< 84 > , HNFER1 > 
HSCH^O 

• IFCS2CI-1). EQ. AUF>NSCH=1 - ' . 

IFC CNSER-NLEAV3-NSCH> . LT . 1 )G0T0 1981 
DO 981 HG = 1, CHSER-NLEAV3-NSCH) 

CALL HIST03CHA, 8. , SOCNA), S3C84:>, HHFER2) • • - - 

981 CONTINUE ... 

1981 CONTINUE 

GOTO 46 

995 IFC < SI <1-1 > . EO. AUF>. AND. CS2CI-1 >. EQ. AUF>>NN0TSECNA>=NH0TSE 

✓ NN0TSC<HA)=NN0TSC(NA>+NSER-NLEAV3 

IF<<S1<I-1>.EQ.AUF>.AND. CS2C I -1 > . EQ. AUF > > NNOTSCC NA> =NN0TSC 

IFCCS1CI-1>.EQ.AUF>.AND.CS2CI-1>.EQ.AUF>> 

1CALL HIST03CNA, 8. « SO CNA >, S3 C 83 >• HHFER1 > 

H S C H = 0 

- IFC <S1 CI-15. EQ. AUF>. AND. <S2CI-1 >. EQ. AUF)>NSCH=1 
IF< <NSER-NLEAV3-NSCH> . LT. 1 )G0T0 1982 
DO 982 HG«1, C NSER-HLE AV3-NSCH > 

CALL HISTO3CHA,0.»SQCNA>,S3C83>,HHFER2> 

CONTINUE 
CONTINUE 
CONTINUE 

CONTINUE . . 

C1BUSY»TCN1/S3C42> 

C2BUSY»TCH2/S3<42> 

1 BERECHHUNG DER HISTOGRAHNE FUER AUFCABENUNAB- 
L HAEHGICE SIMULA! I0NSERGEBMIS5E 

. * * * * * 11*.* t * * *.*M* ******** * «*.** f * *<* ** _ .. Z. .•* - - ^ 

CALL HISTO2<0. , 1. , C1BUSY,HC1> 

CALL HISTO2C0. , 1 . , C2BUSY, HC2) 

URI TEC 7, 1 02 >NR 

FORMATC/, 3X, ' VERSUCH '.14,' 1ST FERTIGI*)-* 

CONTINUE . 


•982 

•1982 

46 

50 


C , 
C 

C — 


( NA >+ 1 
C NA >- 1 


182 

4 
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Key: 1-write the computer histogram values into the appropriate 
data files 2-statistical eval. of approaches from computer 
simulation, task-independent characteristic values 
3-read in the input parameters 


c 

c 

c 


751 

999 


CALL 

CALL 

CALL 

CALL 

CALL 

CALL 


, SCHREI3EH DER BERECHNETEN HI STOGRAMHUERTE IH DIE 
XEHTSPRECHEMBEN DATENrILES „ , . 

************************************************ 
CALL RECORD <HFF< IS, 8, HA R , HPR , 8. , P » A X > 

RECORD (MFF, 15, IS, HSE, Mb E, 0 . , P M«X> 

RECORD <HFF, 15, 30, HLE, KLE, 8. , PMAX) 

RECORD <MFr, 15, 45, HOU, K3U, 8. , PMAX/ 
REC0RD<HFF, 15, 60, HDA, NBA, 1. , 1. > 

RECORD <HFF, 15, 115, HMF=«1, NNOTSE, 1. , 1. > 
RECORD (HFF, 15, 130, HHFER2, HHOTSC, 1. , 1. ) 

XG< 1 >=FL0AT (NVERS) 

XG< 2 )«0. 

XG< 3 >= 1 . 

URITECNFF' 108>HC1, XG 
WRITE<NFF'109)HC2, XG 
DO 751 NW»1,28 
XHLEKNU)=»FL0AT<NLE1<NU) > 
XHDA1(NU)=FL0AT<NDA1<HIJ>> 

CONTINUE 

URITE(NFF'146)XNLE1 
URITECNFF'147)XMDA1 
CONTINUE 


STOP 

END 



n 


c 

c 

C 

c 


1 "^ 

2 


C 

C 


n 


9358 


8888 

8188 

8288 


• ***^***l*^*l♦*•*****^*>***•■♦****>* , ****’♦* , *‘'* , ** , »****’* < '* , *****’‘**** , ** 

7 HP SIHIS2 , STATISTISCHE AUSUERTUNG DER ANFLUEGE AUS RECh'HER- 
SIMULATION , AUrGABENUMABHAENGIGE KEHNNER i E 

DIMENSION T<280), SI (280), S2C200), S3 (200), S4C20Q), 35(208) 
DIMENSION AT( 20 > » DISZ(20), SER (20) , SP A< 20) , SXOC2B), PBZ ( 20 > 

DIMEnIIoN HEND(25), J HDAUER(25), TARR(50>, TZ(15,50>, H2UCI5, 25 > 
DIMENSION H TOM (25), HDHC25), KUSI <25 >, NZIK15) 

^ JDI MENSION HUSF.<25> , HTE1 <25?, HTE2< 25), XG (3) _ . 

COMMOH /A/SUC20), S0(28>, AU(20>, AO (20) 

URITEC7, 1> 

FORMAT <1HS, ' PHASE NR. : > 

READ <5, 2)NPH 
FORMAT (14) 

■NF2“HPH ... .. . 

3 EIHLESEN VON EINGABEPARAMETERN 

ft***************************** 

DEFINE FILE HF2< 42, 40, U, I VAR ) 

DEFINE FILE 4 1 ( 1 500, 1 04, U, I VAX) 

READ(NF2' 35)AU 
READ (NFC ' 36 > AO 
READ (NF2 ' 37 )SU 
READ <HF2 ' 38 >S0 
READ<NF2'39>P8Z - 

READ(NF2'40)NPH, IPI, IP2, PKQ, PVAR, PM IN, PMAX 

READ(HF2'41)SXQ 

READ(NF2'42>XSUH 

DO 9358 KG 3 1, 20 

AU(KG)=AU(KG>*60. 

A0CKG>=A0<KG)*60. 

CONTINUE 
PHI N a Pt1I N*60. 

PHAX=PNAX*60. 

URITE(7. 8080) 

FORMAT ( 1 H J, ' PHI H=* '> 

READ <5, 8 1 08 )PMIN 
FORMAT (F20. 10) 

URITEC7. 8200) 

FORMAT (1H*« ' PMAX* ') 

READ(5,8100)PMAX 
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Key : 


1-read in already-calculated histogram values 2-no. of tests 
3-test no. 4-read in the results of the computer simulation 

5- compute histograms for task-independent simulation results 

6- the following values only appear in phase 3 


368 


310 


733 

734 


C 

87 £ 

P 

C 

C 


c 

c 

c 


c 


208 

201 


HFF-3B+NPH 

DEFINE FILE NFF< 175/ 56, U. I VAR > 

URITE<7» 300> - • . 

FORMAT < 1 H$» ' FILE HR. . ' > 

READ<5.2>NF 

1 EIHLESEH VON SCHOM BERECHMETEN HISTOGRAMMUERTEN 
J* •«*«** ** ****** **** * * ****>««•»* **•***•# ******** 

READ<HFF' 106>H£ND. XG 
READ<NFF' 107>HDAUER. XG 

READ<NFFM10>HTOI1, XG .in. 

READOIFF' 11 1>HDH. XG 

READ OIFF ' 112>HUSI, XG 

READOIFFM13>HUSF. XG ... .. 

READOIFF' 114>HTE1. XG 
READ<NFF'113>HTE2. XG 
CALL READRCNFF. 15. 93. HZU.HZU) 

CONTINUE 

DEFINE FILE NFO00. 2400. U.IVAR) 

HVERS°IFIX(XG<1>) x . ... . 

HE1 0=0 
HE! 1 =0 

HE22»0 •' ■ ' 

ME23«0 _ 

WRITEC7. 733> 

FORMAT OHS. ' 

READ <5. 734>KR 
FORMAT < I 4 > 

DO 4 MNR»1. KR 
HVERS=HVERS+i 
URI TE< 7, 870 
FORHAT < 1 Hi. ' 

READ<5, 734>NR 
NR»NNR 


AHZAHL DER VERSUCHE. 


3 

VERSUCH 


HR. 


2002 


tl EIHLESEN DER ERGEBNISSE AUS DER RECHNERSIMULATION 

' O********************************** ************** 

READ<HF' NR>T, SI. S2. S3. S4.SS 
HGES=IFIX(S3<41>> - ‘ 

SBERECHNUNG DER HISTOGRAMflE FUER AUFG ABENUNAB - 
HAENGIGE SI MUL AT I0NSERGE8N ISSE 

****************** 1 ********** ****************** 

CALL HISTO2<0. . PM AX. 33(42). HE HD) ---- - . 

CALL HIST02<0. . PMAX. S3<58). HDAUER) 

IFCNPH. HE. 3JGOTO 200 

FOLGEHDE UERTE TRETEN NUR IN PHASE 3 AUF 

TTOH°S3(50>-S3<51> . r " • r - T ' 

TTDH“S3( 50>-S3<52> 

CALL HIST02<52., 138..TT0H. HTOIO - 

CALL HIST02<28.. 100. . TTDH. HDH> 

CALL HISTO2<0. . 10. , S3<53). NUSI) 

CALL HIST02C8. . 10. . S3<54>. HUSF) 

CALL HIST02C0. . PMAX. S 3 < 5 8 ) . NT El > 

CALL HISTO2C0. .PHAX.S3C59J.HTE2) 

IF<S3(5S>. EQ. 0. >NE10=>NE10+1 

1F<S3C5S>.EQ. 10NE10NEU + 1 

IFCS3C5?>.EQ. 2. >NE22*NE22*1 

„IF<S3<5?>.EQ.3.>NE23*N£23+1 ...... 

CONTINUE - ••• - • 

DO 2800 NA=1. 15 
IF(NPH. NE. 31G0T0 201 

IF< <NA. EQ. 1 1> . OR. <NA. EQ. 12)) GOTO 2000 

NNREO(NR-l)*15 + NA 

READ <4 1' NNREOTARR. XHARR. PNURKS 

NARR=IFIX(XNARR> 

IFCCHARR. LT. O.OR. (HARR. EQ. 999)>G0T0 2001 
IFCPB2CHA). EQ. 1. >GOTO 2001 
TZCHA, 1>=*TARR< 1> 

IFCNARR. LT. 2>G0T0 2002 

DO 2802 NJ*2. NARR . 

HT«HU • 

TZCHA. NT>»TARR<HT>-TARR<HT-0 . ' 

CONTINUE ' 





Key: 1-write the computed histogram values in the appropriate data 
files 2-s tatistical eval. , tabular output + histogram 




NZUI=NARR 

NZU<NA)«=H2U<NA> + NZUI 

CALL HISTQGOIA, NZUI, AU<NA>, A0<NA>» TZ, HZU> 

2001 CONTINUE 

2000 CONTINUE 

URI TE< 7, 1 02 >HR 

102 F0RHAT</» 3X» ' VERSUCH '.14, • 1ST FERTIG I *> 

4 CONTINUE 

C 1 SCHREI BEN DER BERECHMETEN HISTOG.VAMMUERTE IN DIE 

C J-EHTSPRECHENDEN DATE N FILES 

Q ****.»#.»****.*** :***** ***+*:»*>***>»*>***!**>**.»i**>Mi.*.Mii** 

CALL REC0RD<NFF, 15, 90, HZU, NZU, 1., 1. > 

XG< 1 >=FLQAT <NVERS> 

XG<2>=*8. 

XG<3>=PHAX ■ ••• 

URITE<HFF*106)HEND, XG 

URI TECNFF ' 1 0? > HD AIJ ER> XG 

URITE<NFF'114)HTE1» XG 

URITE<NFF'115>HTE2»XG 

XC<2)*=52. 

XG< 3 >=130. 

URI TECNFF' 1 10>HTQH» XG 
XG<2>=28. 

XG<3>*=100. . 

URITE<NFF'111>HDH» XG 

XG< 2 > = 8. 

XG< 3 >= 1 0 . 

URITE<HFF'112>HUSI. XG 
URITE<NFF' 1 13>HUSF. XG 
IFCNPH. HE. 3>G0T0 999 
URI TE< 6, 310) 

310 FORMAT <3X, ' AH2AHL V0H'« //< 5X, 'E1 = 0 El«i 

. URI TEC 6. 311 >NE 10, NE11, NE22, NE23 

31 1 FORMAT </, 419) 

999 CONTINUE 

STOP ' 

END .. 


E2=2 


E2=3 ' > 


C 

C 

C 




♦ ***<*i|**)>*i)**i»*it*'t**iM'*'*»*»«i** ! t*'M*****«*************‘ , * : >* 

HP SIZE! , STAT. AUSUERTUHG: T ABELL Eft AUSLRUCK + H I STOCK AMME 

#*#*****.*>MnMi*iMM***.**>|i».»*******-1i*’*+*>*«t>l«***>l<*>*<t>M<*>*********' 


D1MEHS 
DIMEHS 
DIHENS 
DIMENS 
DIHENS 
COHMOH 
DATA A / 
1 'UNGS' 
1 'UART ' 
1'DAUE' 
’CHEN' 

i • 

'NG C' 
’UEBE' 

i i 

’T BE' 


I0H H<25>, W<25>, A< 1B8>, HI <25> 

ION XG<3>, XHI <16. 10), XHA<16, 10 >, XQUEC16. 10 > 
ION SIGH <16. 10). N A NZ < 1 6 . 10) 

ION MLE1 <28>, NDAI <28.1, HLNB<28> 

I0H XKLEK23), XNDAK28) 


/STAT/ X <2800). YC2008), IX<2000> 


AUFT' , 


'**> ' 
'H. F' 
'DAUE' 


P.ITT', ' S 2 E I ■ 


BEGI ' , 

' HN ' , 

' BEAR' , 

;beit 

EZEI ' , 

'T ', 

, , 

, 


R ' , 

' REST' , 

' ZEIT' » 

' <N I 

2E I T ' » 

/ 4 

' 

;sniu 

PHAS', 

' EHDA' , 

' UER ', 


HI ' , 

4 4 

' AUSL' , 

;astu 

RFLU' , 

'G OH', 

' 


, 

'SICH', 

'T BE', 

'I D. 

IF.', 

' I. S. ' , 

/ 4 

» 

;zeit 

2E IT ' , 

' PUNK' , 

'T E2' , 


REST', 

'Z. <', 

'N. F', 

i. 

. I. ', 

' SL)', 

'ENDE', 

' <TE 

R <T ' , 

' EIL ) ' , 

' 



'UNGS', 
'BEAR', 
' CHT ', 
'LATI '» 

* S 

'HC C', 
' ZE 1 T ' , 

# H 

'PUNK'. 

/ i 

' SE> ' , 
' I L > ', 


BEAR', ' 
' ENDE' , 
'BEIT', 
' B. ) ' , 
' OUSE' , 
' AUSL' , 
'M2 ', 

' BEI ' , 
' 

'T El', 
'<*) ', 
'REST', 


BEIT', 

, , 

'UNGS' 
' ZHIS' 
' NDE ' 
' AS TU' 
, , 

' D. H' 
'SICH' 


T 

Z. 
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o 


Key: 1-test series no. 2-no. of tests 3-read the histogram values 
from data file 4-no value present 5-compute ordinate and 
abscissa 




r > 



20 © 

* 


282 

201 . 

8 

1 

99 

2 


C « 

c 

91 

98 

£ 




6300 

C 


? 

17 

100 

10 


DO 200 JU B 1 * 2009 
XCJUJ-0. 

Y CJU > = 8. 

IXC JU>=*8 

CONTINUE . ' 

DO 201 JU = 1# 16 
DO 202 JU*1< 10 
XMI C JU» JU > = 0. 

XMA C JU# JU> = 0. 

XQUE C JU> JU>=0. 

SIGM<JU, JU>=0. ^ 

HANZCJU, JU>=0 
CONTINUE 

.CONTINUE _ s 

URI TEC 7> 8 > T 

FORMAT < 1 H$i ' "vERSUCHSREI HE NR.i ') 
READ C5» 2)NVR 
URITEC7. l> 

FORMAT < i ' PHASE NR.i ') 

READ <5. 2)NPH 

F0RMATC1H*# ' ^ANZAHL DER VERSUCHEi ') 
READ C5# 2 > NVER 
FORMAT < I 5 ) 

HFF=38+HPH 

DEFINE FILE NFFC 175# 56# U/ I VAR) 

DO 11 JZ»1« 15 

. DO 10 Jct/9 

IFCJ.EQ. 6 >GOTO 10 
20NG C 0 . 

NREC=C J-l >*15+JZ 
IFCJ.EQ. 8>HREC = 115 tJZ 
. IFCJ.EQ. 9 >HREC a l 30+JZ 

3 LESEN DER HISTOGRAM tlWERTE AUS DATENFILE 

***it!l**l*»l*>**>M<*>**>***<**'«**J**'«****“***’M“*** 


READCHFF'NREOHl# XG 
IFCXGC 1). NE. 0. >G0T0 90 h 

URITEC7, 91) ^ 

F0RHATC3X# ' KEIH UERT VORHANDEN! *> 

GOTO 10 
CONTINUE 
DO 6 JJal /25 
Z 0 NG«Z 0 MG+H 1 C JJ) 

HC JJ > = 0 . 

HANZCJZ. J)»IFIXCXGC 1 )) 

XMI H=»XGC 2 > 

XHAX=XGC 3 ) 

XMI C JZ/ J) a XMIN . . 

XMA C JZ/ J > =X MAX 

DIFF»CXMAX-XHIN>/ 24 . 

IFCZONG. ME. 0 . 5 G 0 T 0 6509 

WRITE < 6 # 4 b 0 Q> NRECj XMIN. XHAX# IFIXCXGCD) 
GOTO 10 

CALL NORM I C HI # DI FF# XG CD# H> 

BERECHHUNG VON ORDINATE UHD ABSZISSE 
XQUER° 0 . 

SIGMA= 0 . 

DO 7 J J a i » 25 
U<JJ)»XMIN+CJJ -1 >*D IFF 
XOUER = XQUER + HCJJ)*WCJJ) , »DIFF 
CONTINUE 
DO 17 JJ= 1. 25 

SIGMA=>SIGt 1 A + HCJJ>*DIFF*CVCJJ>-X 0 UER >**2 

XQUE C JZ# J > = XQUER 

SIGHCJZ. J)«SIGMA 

CONTINUE 

CONTINUE 

CONTINUE 

COHTINUE 
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Kg 


Y : 1-printout of results table 
4-task no. 


113 


2-test series no. 3-no. of tests 


92 

3300 




4600 

4500 

4400 

4300 


307 

37 


891 

70 

987 

560 




750 

550 

551 

552 




92 


'MIN 
4300 
XMAX 

, F15. 5, 3X, ' XMAX = 


F12.5, 'MAX '. F12.5, 'N= ', 


, F15. 5> 


DO 70 LL= 106 
2ONC 3 0 . 

J»LL-1 05 

IFCCLL.GT. 109>. AND. CNPH. NE. 3> >C0T0 891 
NREC=LL 

K«CLL-106>*5+30 
READCNFF' NREOII1, XG 
IFCXGCi). NE. 0. JGOTO 
WRITEC7, 91) 

GOTO 70 
CONTINUE 
DO 3300 JJ»1, 25 
20HG e Z0HG+Hl(JJ) 

WCJJ>=0. 

N AHZ C i 6, J>-IFIXCXG<1>> 

XHIN°XCC2> 

XHAX-XGC3) 

XMI < 16# J>=»XHIH 
XHA C 1 6, J ) =XI1AX 
DIFF=CXMAX-XMIN>/24. 

XXX=XG C I > 

F >3 SHAT <3X# 'REC ', 14 
IFCXHAX. NE. XHIN>G0TG 
URI TEC 7i 4 4 0 0 > X 11 1 M "" 

FORMAT C3X, ' XitIN= 

GOTO 79 

CALL N0RHKH1, DIFF. XXX. H> 

X0UER»0. 

S I GH A® 0. 

DO 337 JJ=i, 25 
IKJJ)=XliINKJJ-l >*B IFF 
XQUER=XQUER+HC JJ>*U<J J)*DIFF 
CONTINUE 
DO 37 JJ=1, 25 

SIGMA® SI GI1A+HC JJ>*DIFF*CU< JJ> 

CONTINUE 

XQUE C 1 6 «. J >=XQUER . .. ... . . . . 

S IGM C 1 6, J) = SIGI1A 
CONTINUE 

CONTINUE A 

CONTINUE > 

WRI TEC7i 560> . „ 

FORMAT (lll$i ' AUSDRUCK DER ERGE8H ISTA8ELLE 
REA D C5, 2 ) NTAB 
1FCNTA8. HE. 1JG0T0 561 
READ CMrF ' 146>XHLE1 

. READCNFF' 14DXNDA1 '■ 

DO 750 MU = 1, 28 

HLE1 CHM> = I F IX C XNLE 1 CNU) > 

NBA1CHU>=IFIX<XMDA1CNU)) 

CONTINUE 

PRINT 550, MVR, HPH. NVER 1- 

FORMATC/', 3X, ' VERSUCHS3EIHE NR. ' . 13, 5X, ' PH ASE 
15X, 'AHZAHL DER VERSUCHE, I5> 

PRINT 551 3 

FORMAT <3X, ' 

1 - ' > 

PRIHT 552 if 


1 5 ) 


-XQUER>**2 


? ') 


NR. 


13, 


FORMAT C3X, ' AUFG! HR. I 
1 XM IN 1 XMAX I 

PRINT 551 
DO 553 JT A= 1 > 15 
IFCNAHZC JTA, 1 ). EQ. 8>G0T0 
DO 554 JTB=1, 9 
IFCJTB. EQ. 6 > GOTO 554 


PARAMETER 
XQUER 1 SIGMQ 


553 


> 


NGES 


JTU® JTB 
IFCJTB. EQ 
'IFCJTB. EQ 
IFCJTB. EQ 
K»C JTU 
IFCJTU 


7) JTU®8 
B > JTU=9 
9 > JTU=7 
1 >**5 

EQ . B )X°88 


IFCJTU. EQ. 9>K*»93 
IFCJTU. EQ. 3 )K 1 =*98 
IFCJTU. EQ.5>K1-103 
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Key: 1-no value calc. 2-rel. to time at DH 3-draw histograms? 

4-draw histogram of task 5-or task independent 6-command 
7— arrival time 8— begin processing 9-end processing 10— waiting 
time 11-processing duration 12-interarrival time 13-simulation 
end 14-workload on CMl 


791 

792 
555 


5030 

554 

553 

556 




796 

79'/ 

557 

550 

561 

2508 

790 


1000 


1F< JTU. EQ. 3>HLNDCJTA)-MI.E1<JTA> 

IF< JTU. EQ. 5>MIND<JTA)=NDA1 CJTA) 

IFC JTU. HE. 1 >G0T0 791 

I F< HPH . HE - 3 )G0T0 791 _ 

IFCCJTA. HE. 11). AND. < JTA. NE. 12>>C0T0 791 

I F< JTA . EQ. 1 1 ) PRI NT 555, JTA , A (KM ) » ACK+3), ft<K + 4>, fl(86> 

1# MAN2CJTA, JTU), XMI CJTA, JTU), XMAC JTA, JTU;, XQUECJTA, JTU) 

IFC JTCUEOM 2) PRINT 555. JTA, A CK+ 1 > , AC K«-2 >, .AC K+3 >. A (87) . AC88) 

1/ NAN2C JTA, JTU), XMI < JTA, JTU), XMAC JTA, JTU), XQUE< JTA, JTU) 

1, SIGMCJTA, JTU) 

PRIHT 7 555, JTA, AC K + 1 ) , AC K + 2 >, A <K +3 ) , A <K +4) , A CK + 5) , NANZC JTA, JTU> 

1, XMI CJTA, JTU), XMAC JTA, JTU), XQUECJTA, JTU), S I GM < JTA, JTU) 

COM T I MU F 

FORMAT <18, 4X, ' I ',5A4,' I', 16,' I',F8.2,' I',F8.2,' I', 

1F8 2, ' I ', F8. 2) 

IF< < JTU. EG. 3) . OR. < JTU. EQ. 5)>PRINT 5000, JTA, A <K 1M >, A<K 1+2) , 

UERTBERECHHUHC',1 

CONTINUE 

PRINT 551 - 

CONTINUE 
PRINT 556 
FORMAT <35X, 

PRINT 551 
PRINT 556 
DO 558 JTU= 1 , 10 
IF(NAN2< 16, JTU). EQ. 0)GOTO 558 
K°< JTU-1 >*5+35 

I F< < JTU. HE. 5) . AND. < JTU. HE. 6) ) GOTO 796 

PRINT 557, A <K + 1 > , A < K + 2) , ACX + 3),A<K+4>»A<86>,NANZ<16, JTU) 

1, XMI < 16, JTU), XMA< 16, JTU), XQUEC 16, JTU), S1GH< 16, JTU) 

GOTO 797 

PRINT 557. ACK + l), ACK + 2), ACK+3), rt<K + 4>» A < K +5 > , NAHZ < 1 6, JTU) 

1, XII I <16. JTU), XHAC 16, JTU), XGUEC 16, JTU), SI CMC 16, JTU) 

CONTINUE 

FORMAT <14X, 5A4, ' I ' , 1 6, ' I',F8.2,' I',F8.2,' I', 

1 F8 . 2, ' I ' , F8 . 2) 

CONTINUE 
CONTINUE 
CONTINUE 

I FC-HPH . E0.3)PRINT 798 

FORMAT <///, 7X, '* BE20GEH AUF PHASE HE HDE'»^»6X« ' ** 

D.H. ') - 


'I',9X. ' r, 9X, ' I', 9X, ' I', 9X, 'I') 


% 

8E20GEH 


2EICHNEN VOH HISTOGRAMHEN ? 


•£- 

to 


1 AUF 2EIT BE! 

WRITEC7, 1000) 

FORMAT < 1 Hs, ' 

READ <5, 2)N2EI 
I F< H2E I. HE. 1) GOTO 2000 
WRI TE< 7, 4) 

FORMAT <//, 3X, 'ZEICHNEN DES HISTOGRAMMS VON 
1', /, 3X» 'ODER AUFGH8ENUHA8HAENG IGr< 1 6) ' , z'/, 
READ<5, 2)NSTR 3 

IFC <NSTR. LT. 1 >. OR. (NSTR. GT. 16)>GOTO 2100 

IFCHSTR. EO. 16>G0T0 115 „ 

URI TE< 7, 5 ) 7 

FORMAT i 3X, ' AUFTR ITTSZEI T 
...1 ■'BEAR3E1 TUNGSBECI NN_ . 2^./,3X, 

1 'UARTEZE IT 
l'RESTZ. <M.F. I. SE) 




115 

150 


151 


120 

121 


1 ' 2U I SCHENZEI T#4 
IOTO 120 


/ $ 3 Xi 
,/i 3Xi 


‘ H 

AUFGABE 
1H$, ' 


l',/,3X, T 
BEARDEITUMCSEHDE 
BEARBEITUNGSDAUER" 
RESTZ. CN.F. I. SL) 


(1-15) 

BEFEHL 

G 


3* 

5' 

7' 


13 

SINULATIONSEHDE 
2' , ✓, 3X, 
4' > 


120 


GOTO 

URI TEC 7, 150) 

FORMAT (,',’» 3X, 

1 ' PMASEHD AUER 
l'AUSLASTUHG CM2 
I FCNPH. HE 3>G0T0 
URI TEC 7, 151 ) 

FORMAT C3X, 'UEBERFLUG 
1 ' ZE IT BE I D. H. 

1 '5ICHT BE! F. I. S. 

1 ' ZE I TPUNKT E2 
WRI TEC 7, 121) 

FORMAT CiH*, ' PARAMETER 


1' , ✓ , 3X, 
AUSLASTUNG 


CHI 


, ^»_3X , 

, 3X, 

, /, 3X» 


/, 3X, 


OM 

6 ', /, 
8', M 
10 ' ) 


3X, 

3X, 


5', 3X, 

'SICHT BEI 
' ZE I TPUNKT 


D. H. 
El 


7' i 
S' i 


/, 3X, 
/, 3X, 
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Key 


1-scale determination 2-scale factor 3-change 4 new value 




READ <5, 2 > NPAR 
NREC a <HPAR-l)*15+NSTR 
IFCNPAR. EG. 6>NREC=1 15+HSTR 
IFCNPAR. EG. 7>HREC=133+NSTR 
IFOIPhR. EQ. 8>NREC 3 98*NSTR 
I F < M S T P» . EQ. 1 6 ) MREC=MP AR+ 105 
READ<NFF'HREC>H1,XG 
IFCXGC 1) . NE. 0. >G0T0 9200 
URITEC 7, 91) 

COTO 78 

9200 CONTINUE 

DO 386 JJ=1,25 - 
306 U<JJ>=0. 

HANZC16, J)MFIXCXG<1>> 

XMI H=XGC 2 > 

XMAX°XG< 3 ) 

XMI <16/ J)=XHIN 
XMA <16/ J > =XMAX 
DIFF=<X!1AX-XMIN>/24. 

CALL H0RMICH1/ DIFF» XQ<i)/H> 

L 1 = 25 

DO 20 L=l,25 
XL°FL0AT <L-1> 

Y<L> H “C“10+XL*0. 8> 

IFCY<L). GT. -10 . >GQTO 20 

L1»L 

GOTO 25 

20 COHTIHUE 

25 COHTINUE 

C J.HASSTABSBESTIHHUNG 

XHASS«=8. 0001 o 

URI TEC 7, 30) *• 

30 F0RHATC3X, ' NASSTABSFAKTOR 0.0001. 
REABC5, 2)KAEH 

IFCKAEN. HE. 1>G0T0 31 u 
UR1 TEC7« 32) ‘ M . 

32 FORMAT < 1 H$. ' HEUER UERTi ') 

READC5, 33 5XMASS 

33 FORMAT CF20. 10> 

31 COHTIHUE 
HMAX=H Cl) 

" DO 600 L a 1# 25 

XCL)=*HCL) 

IFCXCL). GT. HMAX)HHAX=XCL) 

600 COHTIHUE 

CALL ZEICHAC2, 1, LI, XMASS, 0.004) 
2100 GOTO 2580 

2000 COHTIHUE 

. END 


3 

AENDERH? 


.o 


c ************ — . . 

C UP READR. FOR 

C ************ 

.. .SUBROUTINE. READRCHFF* NREC,.NPLUS, H, N> . .. 

C 

DIHENS I OH HC15, 25), AC25),NC15), XGC3) 

DO 10 J-l/NREC 

READCNFF' CJ+NPLUS) >A, XG 
NCJ) a IFIXCXGCl)) 

DO 28 K=l,25 
HCJ, K)=A<K) 

20 CONTINUE 

10. COHTINUE 

RETURN 
' END 
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o 


c 

c 

c 


c 


20 


58 

18 


C 

C 

C 


C 


/ 

120 

250 

125 

163 

165 


************* 

UP RECORD. FOR 

A************ 


SUBROUTINE RECORDCHFF* HREC< NPLUS. H,H, XMIH/ XMAX) 


DIMENSION H(15, 25), A(25). N(15), XG(3> 

COMMON /rt/SU(20), S0<20>, AU<28>, A0(28> - 

DO 10 1 * HREC 

DO 20 K= 1 / 25 

A ( K ) a H (J, K) S' 

CONTINUE 

IF(NPLUS. EQ. 60)XC(2)"SU( J) 

IFC<NPLUS. EQ. 75). OR. <NPLUS, EQ. 115). OR. <HPLUS. EQ. 1 30 >> XG< 2) «8. 

I F( (NPLUS. EQ. 60). OR. (NPLUS. EQ. 75). OR. (NPLUS. EQ. 1 1 5) )XC (3 ) = S0( J> 
I FC NPLUS. EQ. 133>XG(3)=S0<J> 

IFOIPLUS. EQ. 90 )XGC 2> a AU( J) ... 

IF( NPLUS. EQ. 38>XG(3)“AQ(J> 

XG< 1 > = FL0hT <N< J) ) 

1F( (NPLUS. EQ. 60) . OR. (NPLUS. EQ. 73). OR. (NPLUS. EQ. 98)>G0T0 50 
1F( (NPLUS. EQ. 115). OR. (NPLUS. EQ. 130)) GOTO 50 
XG( 2 )=XN I N 
XGC 3 

IF( (NPLUS. EQ. 0). AND. (NFF. EQ. 33). AND. (J. EQ. 1 1 >)XG(2)“AU(J) 

I F( (NPLUS. EQ. 0). AND. ((IFF. EQ. 3 3). AND. (J. EQ. 1 1 > ) XG ( 3>=A0 ( J > 

JF< (NPLUS. EQ. 0). PHD. (NFF. EQ. 33) . AND. C J. EQ. 

IF( (NPLUS. EQ. 0). AND. (NFF. EQ. 33). AND. (J. EQ. 

CONTINUE 

URITEOIFF* ( J*HPLUS> )A, XG 

continue __ . 

RETURN - 

END , i .... .... 


12>>XG(2)=AU(J> 

12))XG(3)=A0(J) 


UP ZEI TEN . FOR . 

************* - 

•SUBROUTINE ZEITEN(T, SI, S4, TCM, DISZ, TARR/ TSER/ TLEAV/ TQUEU, 
1TDAU, NARR, NSER. NLEAV, NQUEU. HDAU, I , AUF/ TTSER/ TTDAU, NDOPP 
1< TRUECK/ HBACK, HUARTE, NLEAV2, NDAU2 ) 


DIMENSION T (200), SI (200), S4(288), TARRC58)# TSER (58) 
DIMENSION TLSAV( 50), TQUEU<50>, TDAU<50> 

DIMENSION Q ISZ (20) - • : ’ ' 

HA-IFIX(AUF) — ---• r.-.— r....- - 

IF(S4(I>. HE.AUF)GOTO 120 " ' -■- ••• ■ - 

NARR 3 HARR+1 

HUARTE“HNARTE+ 1 

TARR (NARR >“T( I ) 

IF((DIS2(NA>. HE. 2. ) . AND. (S1(I>. EQ. AUF)>GOTO 140 
IF(SKI). HE. AUF)GOTO 140- 
IF(I.EQ. 1 )GOTQ 125 

IF((S1(I ). EQ. S 1 ( 1-1 >>. AND. (S4 (I ). HE. AUF))GOTO 150 
IF((S1 <1 ) . EQ. Sl( I-l>>. AND. (S4 <I>. EQ. AUF>. AND . ( DI SZCNA > . EQ. 
12. ) )GOTO 250 

GOTO 125 ■ _ 

ND0PP«1 • - 

GOTO 175 

IF(SKI). EQ. SI (I-1>)G0T0 150 
IFCNBACK. EQ.OGOTO 155 
IFOIBACK. HE. 1 )G0TO 163 
TTSER-T(I) 

NQUEUeNQUEU+1 

TQUEU(NCUEU)«TTSER-TRUECK 

-1F(D1SZ(HA).HE,2.)G0T0 165 . 

IF((S1 (I ).EQ. S4(I)>. AND. (NBACK. GT. 0). AND. <S1(I>. EQ. AUF>> 

1G0T0 185 

CONTINUE 

HBACKoNBACK-i ' ... > 

GOTO 160 -■ 1 



I 


146 


- m - 





/ 

i. 


o 


IBS 

350 

155 

900 

160 

140 

143 

146 


171 

175 


150 

190 

180 " 


AND.<DISZCNA>.EQ.2.>. AND. CS4CI>.NE. AUF>> 


nuarte-nwarte-i 

HBACK°NB ACIC -1 
HLEAV2 a NLEAV2+l 
NDAU2 a HBAU2+l 
CONTINUE 

IFC CSl Cl > . EQ. AlIF). 

1GOTO 300 _ 

HSER^NSER+l 
TSERCHSER> a TCI> 

TTSER=T3ERCNSER> 

CONTINUE 

NGUEU=NQUEU+1 

TQUEUCHQUEU >=TSERCHSER>-TARRCHSER> 

IFCTQUEUCMQUEU). EB. 0. >NGUEU=HQUEU-1 
IFCHUARTE. EQ. 0 JTQUEUC NQUEU > a 0 . 

NUARTE a HMARTE- 1 
IFCHUARTE. LT. 0>NUARTE»0 
IFC, I . EQ. 1 >GOTQ 190 
IFCNDOPP. NE. DGOTO 143 
NDOPP a 0 

I FC CSl C I > . NE. AUF >. AND. CS1C 1-1 >. EQ. AUF> >GOTO 146 
IFC <Si <1 > . EQ. AUF > . AND. CS1CI-1 >. EQ. AUF> . AND. CDISZCNA). 
1>G0TG 175 
GOTO 190 

IFCS1CI). EQ.0. >GOTO 175 • 

IFCDIS2CIFIXCS1CI>>>. HE. 2. >GOTO 175 
IFCS1C 1-1 ). EQ. 8. )GQTQ 175 
NBACK°NB ACK + 1 
HUARTE a HUARTE*l 

IFCNBACX, GT. 1 >GOTO 171 • • 

TRUECK=T Cl) 

TTDAU°TTDAU“TTSER+TRUECK 
GOTO 180 
HLEAV*HLEAV+l 
TLEAVCNLEAV> a TCI> 

NDAU=NDAU+1 

TBAUCNDAU> a TLEAVCNLEAV>-TTSER+TTDAU 

TTDAU-8. 

TCH a TCN4-TDAUCNDAU> - 

IFCNDOPP. EQ. 1 >COTO 350 

CONTINUE 

CONTINUE ... 

CONTINUE . 

RETURN 

END 


EQ. 2. > 




C 

C 

c 


20 

10 


•«»«*******»* 

UP H 1ST0G . FOR 

SUBROUTINE HISTOGCNA* N» XNIN» XNAX. B,H> 

DIMENSION B C 1 5 i 5 0> # HC 15« 25 ) 

IFCN. EQ. 0 >COTO 1 0 
DIFFnCXMAX-XNIN>/24. 

DO 18 J = 1 / H 
DO 20 K= 1 # 23 
XU a XNIN+CK-l>*DIFF 
XO-XU+DIFF 

IFCCBCNA, J>.GE.XU). AND. CBC NA, J> . LT. X0> >HCNA, K>=HCHA, K > +1 . 

COHTINUE 

CONTINUE 

RETURN 

END 
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c 

c 

c. 


10 


UP H 18T02 . FOR 

***•***«****« 

SUBROUTINE HIST02<XNiN. XNAX. B/H> 

DIMENSION H <23> 

IF< B . EQ. 0. > GOTO 10 
DIFF»<XNAX“XM IN) ^24 . 

DO 10 K=>l/25 

XU«XMI}l+-<K-l)*riFF . 

XO“XU*-DI FF ^ 

IF< <B. GE.XU). AND. <B.LT. X0> )H<K>-H(K> *1 . 
CONTINUE 

RETURN 

END 




C *********** ** 

C UP HIST03. FOR 

C ************* 

SUBROUTINE HIST03CNA, XMIN/ XMAX, B, H> 

C - 

DIMENSION H < 1 5/ 25> 

IFCB.EQ. 0. ) GOTO 10 
DIFF=<XMrtX-XMIH>'24. 

. DO 10 K= 1 / 25 

{ XU=XHIN+<K-1>*DIFF 

XO=XU-t-DIFF 

, • I F< <8. GE. XU>. AND. < B . LT. XO>>H<NA/ K>*H<NA/ K>*1 . 

1 fj CONTINUE 

• RETURN 

END • 


Cy ************ - — - 

C UP NORHI. FOR 

Q |*t**t*v**** 

SUBROUTINE NORNI <H1> DIFF, XSUtl, H> 

C 

DIMENSION Hl<23>/H<25>— 

F«8. 

DO 1 J°1 « 25 
F=F+H1 <J>*D IFF 

1 CONTINUE 

DO 2 J«l. 23 
< H<J)=H1< J)/*F 

2 CONTINUE 

RETURN "... 

1 END 
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End of Document 



